Klimawandel vor unserer Haustür: Wie sich unser Leben heute bereits verändert = Climate change at our doorstep: How our lives are already changing by Tripple, Katja et al.
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Note on the  use  of  gender references
In the interest of ensuring good readability, references  
to persons and pronouns in this magazine use the masculine  
form. Needless to say, all such references and pronouns apply  
equally to all genders. The approach employed here was chosen  
only for purposes of simplification and does not indicate or  
represent an assessment or stance.  
THE EDITORS 
 
“ „
TEXT: KATJA TRIPPEL
 Since the summer of 2018 at the latest, one thing is clear:  
 Germany, too, can be hit by droughts. Using cosmic rays and  
 other creative methods, Leipzig-based experts are  
 now investigating a climate phenomenon largely  
 unexplored in our country. 
Clouds of dust are kicked up and obscure the view as a farmer 
drills rapeseed into the dry soil near the town of Heinersdorf,  
Brandenburg in August 2018.
Drought 
       and Stardust
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In October 2018, this jetty on the Edersee reservoir in northern Hessen is still high and dry. Due to prolonged  
extremely dry conditions, the reservoir’s water level shrank to just a quarter of the normal level.
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In the air, neutrons are only 
rarely reflected, and 
can travel hundreds 
of metres. 
Neutron
Cosmic radiation 
produces neutrons in 
the atmosphere.
2 hydrogen atoms (H)
1 oxygen atom (O)
Slowed by colliding with hydrogen: 
neutrons remain in the soil.
Reflected after colliding with heavy 
atoms, e.g. silicon.
Colliding with a detector gas 
produces electrical impulses, 
which the sensor counts. 
Exploding stars release cosmic radiation.
1
2
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Water molecule H2O: 
All of us can recall the ‘endless summer’ 
in 2018: blue skies, sun, and temperatures 
that felt like Bella Italia. But there were 
other aspects, too: fields of withered crops, 
ships sitting on dry land, trees shedding their 
leaves in August, even wildfires. In Meck-
lenburg-Vorpommern, the peatlands began 
drying up, and in Bingen am Rhein, tourists 
could walk to the Mouse Tower, located 
on an island, without getting their feet wet – 
the riverbed had hardened into a bricklike 
surface. 
 A question of soil moisture 
In fact, last year’s temperatures nearly beat 
the ‘heat wave summer’ of 2003, the hottest 
in Germany since the beginning of weather 
records in 1881. By early April, in Ohlsbach, 
Baden the mercury had already risen above 
the 30-degree mark, and in May and June the 
whole country suffered temperatures up to 34 
degrees. That being said, in 2018 we had vir-
tually no rain from April to November. As a re-
sult, the ‘hot phase’ – Germany’s phrase of the 
year for 2018 – became a veritable drought. 
But are droughts even possible in Central 
Europe? “Unfortunately, yes,” says Dr Andre-
as Marx from the Helmholtz Centre for Envi-
ronmental Research (UFZ) in Leipzig. He and 
his team began investigating the topic back 
in 2008. Marx explains: “It’s not heat that 
creates droughts, but dryness. However, heat 
can accelerate evaporation on and in the soil.” 
As a result, on a 30-degree day, small bodies 
of water like garden ponds can lose up to six 
litres of water per square metre. And dried-
out soils make it harder for trees and plants 
to pump sufficient water to supply their 
trunks, stems, leaves or fruits. “Accordingly, 
the key criterion for identifying a drought 
is the soil moisture,” Marx says. “When it 
drops to 20% below the long-term average 
for a respective site, it’s considered to be a 
drought.”
 Drought Monitor gives  
 an overview 
To share their findings with the public, in 
2014 the researchers introduced the online 
‘Drought Monitor’ on the UFZ website. All it 
takes is a quick glance at the map of Germa-
ny to see the status quo: colours from blue 
to dark red indicate whether or not there is 
a drought. For example, in late August 2018, 
more than 95 percent of the country was red, 
i.e., the soil was dry as a bone - drier than 
in any summer since 1951, the first-ever 
year to be entered in the Drought Monitor. 
Though temperatures dropped somewhat in 
the autumn, the lack of rainfall worsened the 
drought.
“The Drought Monitor has attracted consid-
erable attention, particularly in agriculture or 
forestry,” says Marx. “But also among people 
working in shipping or drinking-water provi-
sion.” In addition, hobby gardeners often call 
watering their fields; if it drops below 
30 percent, most plants start showing signs 
of water stress. 
“Requests like this one are a great motiva-
tion for us to provide even better data,” says 
Marx. The experts originally based their re-
search on precipitation records, which have 
been gathered for centuries. By feeding this 
data into models, they can calculate how 
much water is stored in the soil, dating back 
to 1951. In contrast, direct measurements of 
soil moisture are hard to come by, and don’t 
reach far back into the past. 
For the latest generation of models, e.g. 
the mesoscale Hydrological Model (mHM), a 
team of researchers led by the hydrologist 
Dr Luis Samaniego from the UFZ relies on 
temperature, precipitation and evaporation 
data. They also combine it with satellite and 
geological data on the soil conditions. This is 
relevant because, depending on the type of 
terrain (mountains, prairies), ground (sand, 
stone, black soil) or land use (forest, crop 
field, asphalt-sealed surface), the capacity to 
absorb, store and evaporate water can vary 
substantially. 
The cosmic-ray measuring device in the boot of the UFZ Land Rover can gauge the soil moisture  
in a 150-m radius and down to a depth of 50 centimetres.  
A cosmic-ray measuring device counts the number of neutrons reflected by the soil. The more moisture  
the soil contains, the more neutrons remain in the soil. 
the UFZ to ask how often they should wa-
ter their flowerbeds; or because they don’t 
trust the results on the Drought Monitor. For 
example, in the autumn of 2018 several citi-
zens of Brandenburg wanted to know why 
their region wasn’t marked dark red on the 
Monitor map; it had to be (they were sure) 
a mistake! Marx’s response: Brandenburg’s 
soils become so dry nearly every summer 
that the deviation in 2018 was less extreme 
than elsewhere. The situation was just the 
opposite in the Harz, Germany’s wettest re-
gion: here the map entry was dark red, even 
though there had been rainfall – but much 
less than normal.
“So as to show the difference between rela- 
tive and absolute soil moisture, we’ve now 
also put a map of absolute moisture values 
online. It simply shows the current situation, 
without any comparison to the normal val-
ues,” Marx relates. As such, what it shows 
isn’t the deviation from the norm, but the 
usable field capacity (uFC): the amount of 
water available to plants, which can range 
from 1 to ca. 300 percent. When the num- 
ber dips below 50 percent, farmers begin 
exceptional drought
extreme drought
severe drought
moderate drought
unusual dry
 Drought Monitor: 
In August 2018, the conditions 
in several large regions in  
Germany ranged from unusually 
dry to extreme drought condi- 
tions (right-hand map). The abso-
lute moisture in the topsoil, i.e., 
the amount of water available  
to plants, was predominantly 
less than 10 percent, as the left-
hand map shows. By way  
of comparison: if the number 
drops below 30 percent, most 
plants begin suffering the 
effects of water stress.
0                 30                60               90        95
Soil moisture as a  
percentage of usable 
field capacity.
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 Together with her father, Marion Gensel manages the  
 agricultural and forestry operation Forsthof Sörgel in Grabow,  
 Mecklenburg-Vorpommern. Over the past several years, she  
 has planted a young mixed forest on a ca. 50-hectare plot  
 (from a total of 670 hectares), which suffered massively from  
 the drought-like conditions in 2018.
Expert Support in 
Times of Need
  Ms Gensel, why are you engaged in 
such large-scale reforestation efforts? 
Working on behalf of the City of Schwerin  
Roads Office (Straßenbauamt), we’re carry- 
ing out ecological compensation measures, 
which were made necessary by the con- 
struction of the A14 motorway. In the 
autumn of 2015 we began working on un-
profitable cropland and the former grounds 
of the defunct brickyard in Malliß, where we 
started planting a mixture of field maple, 
sycamore maple, Norway maple, pines, 
locusts, oaks, larches, orchard trees, firs  
etc., as well as colourful forest borders  
with hedges and wild fruit-tree species.  
The reforestation was slated for completion 
in 2018. 
  But then the drought kept you  
from completing your plans?
Yes, unfortunately. Because of the extreme-
ly dry conditions last summer and autumn, 
especially the young trees we’d planted in 
the autumn of 2017 and spring of 2018 
were hard hit: more than half of the conifers 
didn’t survive, and some areas were a total 
loss, because the young plants’ roots  
never had a chance to reach the moist soil 
layers deeper down. Many of the trees 
planted the previous year also withered. 
  Why did you then turn to the 
Drought Monitor for help? 
We had to prove to our customer that the 
damage was caused by abiotic factors – in 
this case, the unusually dry conditions – 
before we could apply for new funding, and 
to avoid having to pay a fine for breach 
of contract. After all, we had promised to 
deliver a healthy young forest on schedule. 
When I learned about the Drought Monitor, 
I requested detailed soil moisture data on 
our plot of land from the experts in Leipzig. 
The data showed minimal moisture levels, 
and confirmed that we hadn’t done anything 
wrong; the drought was to blame. Thanks  
in part to this professionally prepared  
data analysis, the Roads Office agreed to 
cover the costs. Therefore, now we can 
replant the cultures we managed to salvage 
… and hope that 2019 turns out to be  
a wetter year!
 Using cosmic-rays 
Nevertheless, the best evidence that the ex-
perts were on the right track came from the 
stars. “Not from astrology,” laughs Andreas 
Marx, “but with the aid of supernovae.” Come 
again? As Dr Martin Schrön, a physicist at the 
UFZ in Leipzig, explains, “In Germany, roughly 
30 ‘cosmic-ray’ detectors are now being used 
to monitor soil moisture. Each is the size of a 
suitcase, and most are located at the sites of 
the TERENO network.”
Schrön, Germany’s Science Slam Master in 
2015, has plenty of experience in making 
topics like measuring stardust easier to un-
derstand. “Cosmic radiation mainly comes 
from the explosion when a star dies. When 
these high-energy particles reach the Earth’s 
atmosphere, they can set off various reac-
tions. One of these leads to the creation of 
electrically neutral particles, or neutrons, 
which drift down to the Earth’s surface, and 
can even penetrate the ground. In fact, neu-
trons can penetrate almost any material be-
cause they don’t interact with the electrical 
field of atoms. However, sometimes neutrons 
hit an atomic nucleus. Since most nuclei are 
heavier than neutrons, this leads to a simple 
collision without significant energy loss. But 
the lightweight hydrogen atom is one excep-
tion where the neutron can lose most of its 
energy  –  and that’s exactly where hydrology 
comes into play!” 
While neutrons usually rebound from dry 
soils back into the air, the energy loss from 
hydrogen collisions leaves most neutrons 
stuck in wet soils. Hence, a detector for re-
flected neutrons above the ground can be 
used to gauge its water content. Moreover, 
the reflected neutrons travel hundreds of 
metres through the air and thereby provide a 
representative mean value over several hec-
tares at any sampled location. 
The method can be used to measure water 
in the ground, but also above ground. For 
example, at the TERENO site ‘Hohes Holz’ in 
Sachsen-Anhalt, Schrön installed cosmic-ray 
detectors in the forest canopy. “Trees in-
tercept rainwater on its way to the ground, 
thereby reducing soil and ground water re-
charge,” Schrön says. “With conventional 
methods it is virtually impossible to measure 
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F • With a mean temperature of 10.4 degrees Celsius, 2018 was the warmest 
year since the beginning of weather records in 1881. In addition, it was the 
third-driest year ever recorded. 
• Whenever the soil moisture drops to 20% below the long-term average  
for a respective site and month, it’s considered to be a drought. 
• Soil moisture can be measured with the aid of ‘cosmic-ray sensors’, which 
continuously count the number of neutrons that fall from the sky and are 
reflected from the ground.
Stunted and withered: the maize in a field in Ostwestfalen-Lippe in August 2018. This is representative  
of the significantly lower crop yields throughout Germany in the wake of the drought.
LOOKING AHEAD
I’d like to find out whether neutron sensing could  
also work as an airborne technique, for example by using  
drones. If so, we’d no longer be limited to roads and could  
much more easily survey larger and less accessible areas  
like fields with heavy vegetation, conservation areas,  
and flood plains.
MARTIN SCHRÖN 
Physicist, Helmholtz Centre for Environmental Research (UFZ)
“„
depth of 50 cm and within a radius of roughly 
150 metres. This allows us to determine the 
area-average water content on the fly.” 
This year, Schrön’s plan is to focus the cam-
paigns with the rover on regions where the 
Drought Monitor requires better observa-
tions. Moreover, they will study the impact 
of heat waves  –  a highly relevant aspect for 
farmers and scientists alike. “In Nebraska, 
one of the USA’s most important regions for 
maize production, this approach is already 
used to determine the irrigation demand in 
crop fields,” says Schrön. In turn, researchers 
can use soil moisture data to estimate the 
likelihood of floods or droughts in various 
global-warming scenarios – e.g. depending 
on whether global temperatures rise by 
1.5 degrees or 3 degrees over the next few 
decades. 
However, neither the Drought Monitor nor 
the cosmic-ray Land Rover can tell us wheth-
er Germany will be struck by another drought 
in 2019. “The answer to that question truly 
does lie in the stars,” says Andreas Marx.
this intercepted water in the foliage. Cos-
mic-ray neutrons, however, interact with the 
water by scattering in large quantities before 
they are detected. With the new technol- 
ogy we can now estimate this important 
component.” 
 Measuring with a Land Rover 
Since 2014 the physicist has also been using 
a mobile cosmic-ray neutron detector in the 
boot of a UFZ Land Rover to conduct surveys 
all across Germany: through forests, across 
meadows and potato fields, motorways and 
mountain roads. “Our goal is to assess the 
reliability in various land use types. It has 
proven to be incredibly reliable, especially 
if the soil and vegetation properties in the 
area are already known,” Schrön enthuses. 
“Taking the actual measurement is very con-
venient, since all I have to do is push the ‘on/
off’ button. By nature, the detected neutrons 
interact with the soil root-zone down to a 
I N  P R A C T I C E
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 How is climate change affecting Germany’s meadows, forests and lakes? To help answer that question,  
 ten years ago the Helmholtz Association established high-tech observatories in four key regions.  
 Dubbed TERENO, this monitoring network has since become a role model for modern environmental  
 research around the globe. REKLIM experts have actively supported the lighthouse project, and  
 had successes at several levels to report this year, which marks TERENO’s ten-year anniversary. 
Every Detail 
Matters  
´Weather radar
´Climate station
´Rain scanner
´Groundwater 
testing site
´Sensor network for soil moisture
´Lysimeter
´Radiometer
´Eddy covariance 
measuring tower
´Outflow monitoring station
´Gathering 
sediment samples
Northeast German 
Lowland Observatory 
Harz / Central German 
Lowland Observatory
 
Bavarian Alps / Pre-Alps 
Observatory
Eifel / Lower Rhine Valley 
Observatory
´Satellites
´Below ground, on the ground, and in the air
At the TERENO observatories, researchers are investigating  
e.g. climate-related changes in the water and material  
cycles, and in the plant kingdom. To do so, they employ a  
broad range of measuring devices, which are either  
installed underground, placed on the surface, or survey  
landscapes from above.
How is the heat affecting plants?
´ TERENO has become our most im-
portant research network within Ger-
many. For example, at the monitoring 
sites attached to the observatory in the 
pre-Alps, we’re investigating how heat 
waves and droughts impact natural ecosys-
tems and land used for agriculture. So we’re 
addressing central questions like: how 
PROF HANS PETER 
SCHMID
Climate researcher and Head of  
the Institute of Meteorology and 
Climate Research at the Karlsruhe 
Institute of Technology (KIT),  
Garmisch-Partenkirchen 
much water does the soil provide for 
plants, and what stress reactions do they 
show during heat waves? These detailed 
studies wouldn’t be possible without the 
stationary equipment at the TERENO 
observatories. They’re at the core of our 
work, and are complemented by measure-
ments taken with mobile devices.
´Research aircraft
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Extremely dry conditions weaken pines and oaks
´ One of the most important tasks for 
the TERENO Observatory Northeast con-
sists in comprehensive environmental 
monitoring for the older tree popula-
tions in Müritz National Park. In this re- 
gard, we’re investigating how the weath- 
er and climate affect the trees’ growth. 
For example, with the help of TERENO 
we were able to precisely trace the 
effects of the extreme summer in 2018 
DR INGO HEINRICH 
Dendrochronologist at the German 
Research Centre for Geosciences 
(GFZ) and Coordinator of TERENO’s 
Northeast German Lowland 
Observatory
on various tree species. While the beech 
trees showed surprisingly good growth, 
the oaks and pines, contrary to our expec-
tations, were characterised by significant 
drops in growth. Findings like these help us 
understand how trees grow under differ-
ent types of conditions. In addition, we can 
now use the growth rings from older trees 
to accurately determine how the climate 
has varied over the past few centuries. 
Developed for TERENO, used worldwide
´ The TERENO observatories were and 
are the ideal testing grounds for new 
quality assurance methods for environ- 
mental data. For example, in the REKLIM 
climate initiative we have developed 
software that allows us to monitor our 
time series on carbon dioxide exchange 
DR MATTHIAS MAUDER
Atmospheric researcher  
at the Karlsruhe Institute of  
Technology (KIT)
between the atmosphere and ecosystems. 
The software automatically scans our 
field data for errors, and similar algo- 
rithms, after being successfully tested 
in Germany, are now being used in the 
European carbon dioxide monitoring net-
work ICOS, and in the USA.
Online connection for remote observatories 
´ Establishing the TERENO observa- 
tories confronted us with the challenge 
of finding optimised data management 
solutions, from the sensors’ data acquisi-
tion, to automatic data transfer and archiv-
ing, to visualising the data online: a task 
FRANK NEIDL
Head of the IT Department of 
the Institute of Meteorology and 
Climate Research at the Karlsruhe
Institute of Technology (KIT), 
Garmisch-Partenkirchen
that created considerable added value, 
since we were able to apply the techniques 
and lessons we learned with regard to con-
necting geographically remote sites online 
in subsequent projects, e.g. in Ghana and 
Burkina Faso.
Our concept is setting new standards
´ At our TERENO observatories, we’ve 
been combining cutting-edge monitoring 
technologies with innovative modelling 
approaches for the past ten years, and 
investigating for the first time all compo-
nents of our environment - a concept that 
has since been copied internationally. 
For example, it forms the basis of the ma-
jor European environmental observation 
PROF HARRY  
VEREECKEN
Environmental researcher  
at the Forschungszentrum  
Jülich (FZJ) 
network ‘eTLER’, which is currently in the 
planning stage. In addition, our observato-
ries collect data for the European carbon 
dioxide monitoring network ICOS. These 
and other successes have only been pos-
sible because everyone involved worked 
together closely. As such, for me TERENO 
is a prime example of collaboration within 
the Helmholtz Association.
Working hand in hand with universities
´ The Europe-wide drought in the sum-
mer of 2018 showed how important soil 
moisture monitoring is for agriculture. 
At the TERENO observatories, we em-
ploy the new cosmic ray neutron sensing 
method to measure soil moisture, and are 
working together with experts from vari-
ous universities to further refine it. Our 
DR HEYE BOGENA 
Environmental researcher at the 
Forschungszentrum Jülich (FZJ)
goal is to make the method more flexible 
and more universally applicable, so that 
groundwater distribution on a regional 
scale can be more frequently and, above 
all, more accurately measured. In this way, 
TERENO is also promoting scientific col-
laboration between different Helmholtz 
Centres and universities.
Research with direct practical applications
´ In addition to national and interna-
tional scientific collaboration, TERENO 
has led to regular exchanges with local 
actors involved in agriculture, forestry 
and nature conservation. For example, 
we’ve met with farmers and agricultural 
advisors from southern Bavaria to discuss 
how we could prepare our findings on 
DR RALF KIESE
Biogeochemist at the Karlsruhe 
Institute of Technology (KIT)
optimised pasture management so that 
they provide the greatest benefit for 
farmers in their day-to-day work. These 
talks led e.g. to a practice-oriented re-
search project in which we’re jointly 
exploring the question of how much 
nitrogen from liquid manure is actually 
used by plants.
17R E K L I M16 R E K L I M02 R E K L I M
    
In the future, Bavaria’s climate could 
become warmer and drier. Experts  
fear that, as a result, the soils of  
meadows could lose fertile humus.  
To better gauge the impacts,  
researchers are trying to get one  
step ahead of climate change:  
they are transplanting soil from  
the cool and moist mountain regions  
into the warmer lands below – and  
observing the resultant changes.  
In this context, researchers and  
farmers are working hand in hand.
TEXT: TIM SCHRÖDER 
The lead cow Alma (right) and the rest of her small herd, grazing on the  
Brunnenkopfalm in the Ammergau Alps. The Murnau-Werdenfels cattle  
keep the vegetation cropped and create gaps in the grass, in which e.g. rare 
species of orchid like the pink globe orchid (small image) can grow. 
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and Michael Dannenmann has had two pas-
tures for his soil research.
 Bavaria will become warmer 
However, the meadows aren’t Dannenmann’s 
only concern. In the project SUSALPS he and 
experts from other research institutes are 
investigating several sites at various eleva-
tions throughout Bavaria – from the alpine 
pasture meadows to primarily dunged and 
mowed ones at moderate elevations, and in 
the comparatively flat Pre-Alpine foothills. 
“We now know that the alpine regions are 
warming at roughly twice the speed of oth-
er parts of the Earth in response to climate 
change,” says Dannenmann. “In the future, 
we expect to see Bavaria’s climate grow 
substantially warmer. Our goal is to find out 
what it will do to the soils, and what the 
consequences will be for the ground and for 
agriculture.”
With regard to the meadows, what we’re 
seeing is as follows: when it grows warm-
er, the treeline retreats uphill. If they’re not 
used as pastureland, the meadows cleared 
from the forests centuries ago gradually 
fill with bushes and trees – an unfortunate 
development, since forests are home to far 
fewer plant species than meadows. To make 
matters worse, there are also manmade 
problems. Meadows that haven’t been used 
as pasture for several years are home to long 
and thin grasses that barely decompose at 
all; instead they form dense mats of straw 
that prevent rainwater from soaking into the 
soil. In the event of heavy rains, which are 
likely to become more frequent as a result 
of climate change, the water rushes directly 
into the valley, increasing the risk of floods. 
Elsewhere, melting snows sweep these 
grass mats with them as they slide downhill, 
promoting soil erosion. 
 Heat destroys humus 
For the meadows at lower elevations, the 
researchers expect to see a very different 
development: the warming climate isn’t like-
ly to be good for the soils there, either, Dan-
nenmann explains, because the amount of 
humus in the increasingly warm and dry soils 
is likely to dwindle. Especially cool and moist 
soils contain a wealth of humus. These moist 
soils are poorly ventilated and oxygen-poor. 
In this cool, low-oxygen setting, microorgan-
isms hardly have a chance to break down 
dead crop matter, since they need oxygen 
to do so, and the low temperatures further 
hamper their activity. As a result, the plant 
remains, which contains valuable plant nutri-
ents, slowly but surely accumulate. Further, 
since the plant remains are only broken down 
very slowly, the humus-rich soils only release 
their nutrients at a snail’s pace – which is 
precisely the speed that young plants need. 
Many of Bavaria’s meadowland soils were 
fertilised with manure for centuries. This ma-
nure only partly decomposed, accumulated in 
the moist soils, and promoted the formation 
of humus. 
“The fact that we often find soils in Bavaria 
that are so rich in plant nutrients is thanks 
to the centuries-long fertilisation methods,” 
says Dannenmann. “Essentially this created 
the ideal reserve of nutrients for grasses, 
and it was preserved in the moist and cold 
soil.” But climate change could mean the end 
of this reserve, since in warmer soils, those 
microorganisms that break down humus 
could become more active. If that happens, 
vital nutrients for dairy and meat production 
from meadowland agriculture will be lost. 
The soil translocation study and expected future changes in soil functions, provided these trends are not counteracted using climate-smart management.
Alma is one cool customer. When Michael 
Weiß needs to drive the cow, she goes where 
she’s supposed to without any major com-
plaints. And, more importantly, the younger 
cows follow her – and don’t get lost. After all, 
the inexperienced animals could easily fall 
from the steep edges of the Brunnenkopf- 
alm. Alma is 18 years old, and essentially a 
landscaper: together with the younger cows, 
she helps keep the grass in the pasture short. 
By grazing on the flowers and grasses of 
the Brunnenkopfalm in Bavaria’s Ammergau 
Alps, she helps the pasture remain exactly 
what it has been for centuries: a picturesque 
meadow landscape where the flowers bloom 
every spring.
 Reviving a tradition 
For many years, the Brunnenkopfalm was 
essentially forgotten. Several decades ago, 
pasture farming was discontinued there - and 
in many other remote meadows – because 
the work was simply too difficult, and not 
very profitable. For all these years, the pas-
ture was reduced to a hunting ground, and 
was at risk of reverting to woodlands. But 
farmers like Michael Weiß from the village 
of Schöffau want to preserve the pasture 
landscape, and with it, the diversity of 
species. After all, a carefully maintained 
pasture can be home to over 250 plant 
species. “I spent a lot of years looking for a 
pasture where I could fulfil my dream,” says 
Michael Weiß. “But the government au- 
thorities weren’t prepared to give me 
a plot of land for pasturing.” Things looked 
bleak until he met Dr Michael Dannenmann. 
Dannenmann is a soil researcher at the Insti-
tute of Meteorology and Climate Research in 
Garmisch-Partenkirchen, part of the Karlsru-
he Institute of Technology (KIT). He is cur-
rently investigating how climate change is 
affecting the soils of Bavarian meadows, and 
what these changes will mean for agricul-
ture, biodiversity and water quality, as well 
as flood and erosion protection. “Michael 
Dannenmann was looking for a meadow to 
research, and I was looking for one to turn 
into pasture,” says Weiß and laughs. And, with 
the goal of investigating ways to protect the 
neglected meadows from the impacts of cli-
mate change, a mutually beneficial solution 
was found: since 2018, Michael Weiß’s cattle 
have had two Bavarian pastures to graze on - 
At the Brunnenkopfalm, small soil core  
samples are used to measure the nitrification,  
i.e., the production of nitrate by microorganisms 
in the soil. The extensively pastured soils are  
such effective filters that the groundwater  
remains nitrate-free.
Open-air laboratory: 
project coordinator Michael 
Dannenmann and his team 
of environmental researchers 
have collected water and soil 
samples in the pastures and 
surrounding countryside, and 
can test their nutrient 
content directly onsite. 
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LOOKING AHEAD “Ten years from now we hope to see our latest findings  on how meadowland soils are responding to climate change translated into practice, in the form of climate-adapted  
agricultural methods. To help make that happen, we plan e.g. 
to develop decision-making support apps for farmers that  
they can access on their smartphone. 
MICHAEL DANNENMANN 
Environmental Researcher, Karlsruhe Institute of Technology (KIT)
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 A wealth of water samples 
In addition, Michael Dannenmann and his col-
leagues had access to several dozen large-
scale lysimeters that were set up across 
Bavaria and other parts of Germany prior to 
the start of SUSALPS, as part of the major 
Helmholtz project TERENO. Each of the large 
devices weighs over three tonnes and is bris-
tling with measuring equipment. All told, the 
more than 800 small and large lysimeters 
deliver a wealth of data, which first has to 
be analysed. 
The results of these analyses are a virtu-
al treasure trove, and not just for Michael 
Dannenmann and many other REKLIM ex-
perts; the Bavarian State Research Center 
for Agriculture (LfL) uses them, too. “For the 
past 30 years we’ve maintained permanent 
soil monitoring areas in Bavaria, which we 
check for important changes, especially re-
garding humus, every five years,” says Martin 
Wiesmeier from the LfL’s Institute for Organ-
ic Farming, Soil and Resource Management. 
“The work done in SUSALPS is an excellent 
complement to these areas, since the effects 
of climate change can be studied much bet-
ter in the transplanted soil samples than un-
• As climate change progresses, Bavaria will grow warmer. In turn, the soils of 
pastures and meadows could lose valuable humus. Accordingly, fertilising and 
pasturing practices will need to be adapted.
• To predict the effects of climate change on soils, samples from cooler, higher 
elevations are now being transplanted to warmer, lower regions, and the 
resulting changes are being closely monitored. 
• The warming will also cause the treeline to retreat uphill, and species-diverse 
meadows could revert to woodlands as a result. Consequently, researchers 
are also exploring how meadow pasturing could be used to help preserve the 
current landscape.
der normal conditions. Otherwise, identifying 
changes in humus content can only be done 
with a great deal of effort, and over extreme-
ly long timescales.”
 Back to the dung heap? 
For Wiesmeier, two key questions are what 
the combined effects of climate change and 
agriculture have on the soil, and what recom-
mendations can be provided to farmers on 
using the land in a climate-adapted manner. 
“We know from our own monitoring areas 
that, despite the effects of climate change 
and agriculture, not all soils are losing their 
humus. But in soils that are affected, it may 
prove necessary to counteract it with tar-
geted fertilisation.” According to Wiesmeier, 
one thing is certain: mineral-based artificial 
fertilisers are largely ineffective: they can be 
easily washed out of the soil, or can vapor-
ise, leaving behind ammonia and the potent 
greenhouse gas nitrous oxide. In turn, liquid 
manure releases nutrients more gradually, 
but doesn’t offer a long-term source of nutri-
ents. His verdict: “It’s quite possible that, in 
some regions, the best response to climate 
change is to return to stall manure, so as to 
stop the deterioration of the soil.” For many 
regions, this would mean “going back to their 
roots”, in similar vein to how Weiß has brought 
meadowland agriculture – a centuries-old 
tradition - back to the Brunnenkopfalm.
The liquid manure that the  
experts use to fertilise the soil 
in the lysimeters is enriched 
with stable nitrogen isotopes, 
which allow them to precisely 
trace how much of the manure 
is taken up by plants, and  
what happens to the remain- 
der in the soil column.
Granted, many farmers in Bavaria fertilise 
their meadows with liquid manure. “But our 
research indicates that more nutrients will 
be lost due to climate change than can be 
replaced with manure,” says Dannenmann. 
“And that’s not the only problem – less humus 
also means more emissions of greenhouse 
gases from the soils, and reduces the soil’s 
capacity to filter out toxins; this increases 
the risk of water pollution, for instance from 
nitrate.” Further, he explains, soils with less 
humus absorb less water, which can compro-
mise their function with regard to prevent-
ing flooding and erosion. As such, climate 
change is jeopardising the most important 
soil functions in the pastures and meadows 
of the Pre-Alpine foothills. 
 A new home for mountain soils 
Dannenmann is only able to forecast the 
future of soils so accurately because of a 
tremendous joint effort: together with sev-
eral colleagues, he essentially transplanted 
soils, digging them up at higher elevations 
and transporting them to lower ones. By do-
ing so, he’s getting a step ahead of climate 
change: it’s colder at higher elevations, so 
when he transplants a section of soil a few 
hundred metres downhill, it simulates the 
effects of a warmer and drier climate. The 
effort involved was immense, especially in 
terms of collecting the soil samples: to do so, 
the researchers had to drive more than 800 
ca. 30-centimetre-long plastic pipes roughly 
half a metre into the ground, using them like 
cookie cutters to remove tubular sections of 
the soil. Then they dug up all of the pipes, 
so that they could transport them and their 
valuable contents to the warmer soils down-
hill. “As a result, we can measure how the 
soil develops quite accurately,” says Dannen-
mann. “On the one hand, how it reacts to the 
warmer climate farther downhill, and on the 
other, which type, quantity and form of fer- 
tiliser is best suited to preserving the humus, 
and with it, important soil functions, despite 
climate change.” Some of the transplanted 
pipes are equipped with small tubes at four 
different depths. These tubes suck up the 
water that trickles into the soil. Consequent-
ly, the researchers can analyse how much 
water penetrates the soil, and how the nutri-
ent concentration changes. Experts refer to 
these measuring systems as lysimeters.
At the TERENO observatory in Fendt, robots assess soil columns from different elevations to determine which greenhouse gases their microorganisms are releasing. 
The more earthworms living in the soil, the better 
its quality is. Accordingly, in their studies on  
changes in the Pre-Alpine grasslands, the environ-
mental researchers also record the number and 
biodiversity of these valuable organisms.
    
23R E K L I MR E K L I M22
    
The work with seaiceportal.de this semester was a  
great experience for us. We were able to expand our  
personal knowledge about sea ice and other general  
environmental questions, and to get actively involved  
in the creative use of Social Media channels. In the  
future, we want to personally pay closer attention to 
the problems produced by retreating sea ice and become 
better informed about potential protective measures.
In the course of the practical project, I learned how im-
portant the polar regions and oceans are for the global 
climate system. I also learned how important it is to com-
municate information concisely and in a form suitable 
for the target group, so that complex topics and research 
findings can be readily understood by a broad audience.
Auf den ersten Blick mag es erstaunlich wirken, dass für  
einen Forschungsverbund wie REKLIM angehende Journalisten 
und Kommunikatoren interessante Partner sind. Aber diese 
Zusammenarbeit zwischen den Studierenden am Institut für 
Publizistik- und Kommunikationswissenschaf der Freien 
Universität Berlin und REKLIM hat sich über die Jahre für  
beide als fruchtbare erwiesen. In einer Zeit, in der es kaum  
ein drängenderes Problem gibt als das Verstehen und die  
Anpassung an den Klimawandel, bleibt das Thema massen-
medial gesprochen drastisch unterberichtet. Ein Bewusst-
sein dafür zu schaffen, betrachte ich als Teil meiner Arbeit. 
Gleichzeitig zeigt sich, dass ein modernes Verständnis von 
Wissenschaft und Wissenstransfer eine Professionalisierung 
auf Seiten der Wissenschaftler bedarf. Das Wissen um 
Wirkung und Praxis von Kommunikation im öffentlichen Raum 
ist zu einer notwendigen Schlüsselkompetenz geworden, 
wobei es darum geht, Dialogchancen zwischen Öffentlichkeit 
und Experten zu eröffnen. Hier setzen unsere gemeinsamen 
Praxisprojekte an. Akademisch betrachtet schaffen wir eine 
Brücke zwischen Theorie und Praxis. Auf der anderen Seite 
haben die Kollegen bei REKLIM die Möglichkeit, ihre Themen 
in den öffentlichen Diskurs zu tragen und sich dabei moder-
ne Kommunikationskompetenzen anzueignen. Es ist immer 
eine bereichernde Erfahrung im Sinne eines Miteinander-
Voneinander-Lernens. Oder anders ausgedrückt: 
eine Win-Win-Situation.
Fake news  
about the  
climate: we’re 
not falling 
for it! 
Steve Küter
Ani Vasileva, Polina Stancheva,  
Argyri Paschalidi
Monja Gieschen
DR TONG-JIN SMITH
Saskia Busler Parastu Sherafatian, Shuangji Ni
Thanks to seaiceportal.de I’ve learned what a fascinating  
research field sea ice is, and how it influences the global  
climate. Sea ice is no longer abstract for me; now I know  
its relevance for my own life. As a result, I’m also trying to  
do more for climate protection in my own day-to-day  
actions and choices.
‘Sea ice’ was something we only knew from impressive 
photos or from documentaries. The intensive work for 
seaiceportal.de opened up new and exciting  
perspectives for us, and brought us closer to the  
subject matter. Now sea ice is a concrete and tangible  
habitat, not to mention a topic in discussions about  
climate research with our friends.
LECTURER AT THE IFPUK & FREE JOURNALIST
t first it might seem surprising that journalism students  
and communicators make appealing partners for a research  
network like REKLIM. But over the years, this colla o ation  
between stud n s from the Instit te for M di  and  
Commun cation Studies (IfPuK) at the Freie Universität  
Berlin and REKLIM has proven to be fruitful for both sides.  
In a time in which there is hardly any problem more pressing  
than understandi g and adapting to clim te change, it  
nevertheless remains a drastically underr ported topic in the 
mass media. I consider raising awarene s for it part of my  
job. At the same time, it’s becoming increasingly clear that a  
mod rn understanding of research and kn wledge transfer  
calls for a professionalisation on the part of researchers.  
A grasp of the effects and practice of com unica ion i  the  
public space has become a ore competency, in which the  
goal is to open new opportunities for dialogue between  
the public and experts.
This is the point of depart re for our collabor tiv  practical  
proj cts. From an academic standpoint, we’r  br dging  
the gap b tween theory and practice. At the same ti e,  
the experts from REKLIM have the chance to pre ent their 
topics in the public disco rse, and to acquire modern commu- 
nication skills in the process. This is always an enriching  
xperie ce i  terms f learning from one another. Or, to put  
it another way: a win-win situation.
My name is Steve, and I’m currently on my way to becoming 
an independent illustrator and motion designer for film – 
that’s a major step, and my work with seaiceportal.de  
has been a tremendous help! It’s given me the chance to 
hone the skills I’ll need in my career, to work in a great  
team, and at the same time, to contribute to an important  
project for our global climate.
With seaiceportal.de, REKLIM offers Germany’s most  
prominent infoportal on sea ice. Researchers prepare and  
distribute the contents for social media channels together  
with students from the Freie Universität Berlin. Every  
semester, new future journalists face the challenge of  
conveying climate-related information correctly, clearly  
and in an entertaining way: a practical seminar with  
farreaching benefits!
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In order to manage a Social Media channel, you have to dig 
deep into the subject matter, and it tends to stick with you. 
Whether it was the heat wave in ‘our own back yard’ last sum-
mer, or weather phenomena on the other side of the planet: 
I really feel like I’m part of investigating the causes of these 
developments, and that I have access to objective informa-
tion. As a result, I no longer simply take whatever the media 
reports at face value; I view it in a very different light.
I found the work extremely interesting and learned  
a great deal about the importance of making science  
into something tangible and accessible for non- 
scientists. I also gained an impression of the relevance 
and diversity of sea-ice research and polar research, 
which I’d never truly been aware of in the past.
As a scientist, I’ve been working at the interface between  
research and society for the past eleven years: and that  
includes my work for the climate initiative REKLIM. Here one  
of our most essential goals is to use our unique formats  
and projects to reach young people. Right now, we can see  
how young people around the world are standing up for  
climate protection in the Fridays4Future demonstrations.  
At these protests, for the first time those people who will  
be hardest hit by climate change and its consequences –  
children and adolescents – are speaking out. This also lends 
their message a special weight: politically speaking, affect-
ed groups receive more attention than non-affected ones.
Another important aspect of our work e.g. with  
seaiceportal.de is our goal to share our expertise, data  
and findings in a format suitable for a broad audience.  
Especially in the current situation, characterised by the  
increasingly used fake news and resultant ‘losing touch  
with reality’, it is particularly important to us that we combat  
this trend with real facts. But in order to do so, we need  
professionally trained ‘communicators’, and that means  
media specialists. The sooner they understand the value of  
science, how science works, and how they can gain access  
to scientific information, the sooner they’ll be willing  
and able to convey it. Especially in dialogue and interactions  
with Tong-Jin Smith’s students at the Freie Universität Berlin,  
an important process – in which both sides can learn  
a great deal for their own work – is set in motion.
HEAD OF THE CLIMATE OFFICE FOR POLAR REGIONS AND SEA LEVEL 
RISE AND MEMBER OF THE REKLIM COORDINATION OFFICE
DR RENATE TREFFEISEN
Needless to say, climate change is something we’re all  
worried about, but we weren’t that familiar with truly concrete 
indicators. Working with the information from seaiceportal.de  
and the corresponding research for the Twitter channel has 
really influenced our day-to-day lives. When we read politi-
cal or economic news, we now pay much more attention to 
the potential effects for the sea ice and polar regions. We 
also take a more informed approach to polar-related news.
In the course of our collaborative project with  
seaiceportal.de, one thought especially occurred to me:  
the sea ice isn’t just going to wait on us to finish our  
bachelor’s degrees before it melts. We have to do some-
thing about it now, and there are experts who can help us. 
On seaiceportal.de we can find precisely the information  
and people we need in order to bring together  
research and activism; it’s also fascinating to see how  
much blood, sweat and tears are being invested in  
research projects in the most remote areas of the world.
Julia Blaß, Elias JoswichDonia Hergli Joy Schult, Anna Menne 
Sophie Bußmann
Josefine Creutz
Timo Liebergesell
Working together with seaiceportal.de definitely made me 
more aware of the broad range of related topics. In other 
words, I now have a much better grasp of how important 
the Arctic and Antarctic are for our planet, and of the 
responsibility that we all have to preserve these regions.
Ice-free instead of school-free. In the polar regions this 
means no more sea ice. Though it may sound like an  
amusing thought, it’s increasingly becoming a bitter  
reality; thanks to the project, that’s something we’re  
now painfully aware of. Sometimes a little polar bear  
and penguin are a good start – but much more will need 
to be done around the world in order to save our cli-
mate. In our eyes, seaiceportal.de is doing a great job!
PARTICIPATING HELMHOLTZ CENTRES:  AWI AND UNIVERSITY BREMEN
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With the help of 100-year-old weather data, storm and  
climate researchers in Hamburg are trying to determine  
whether there are now more windstorms over Germany than in the 
past. Their findings contradict the commonly held  
perception: in fact, storms haven’t become more frequent!
Whipped up by a winter storm, 
roaring waves crash into a seawall 
on the island Helgoland. The damage 
done by such storms is often 
massive. Broken power poles (right) 
are just one common example. 
and discovered that there were regional and 
seasonal patterns for both storms and calm 
waters, the German Empire, too, had taken 
a new interest in the weather at sea. With 
its own meteorological research efforts, the 
German Marine Observatory hoped, in the 
service of the Kaiser, to help naval and mer-
chant captains find safer routes. Accordingly, 
it required them, along with those working 
at Germany’s North Sea and Baltic Sea ports, 
to record the temperature and atmospheric 
pressure and to take visual readings of the 
wind intensity at least three times a day, 
using the Beaufort scale: ranging from 0 (no 
wind), to 5 (fresh breeze, tree limbs waving, 
waves capped with foam), to 12 (hurricane, 
devastation, zero visibility). 
 Rediscovered in the basement 
The storm signallers were still active un-
til 1999, and their records wound up in the 
basement of the Sea Weather Office (See-
wetteramt) in Hamburg’s St Pauli quarter, 
the successor to the German Hydrographic 
Office. It was there that, the meteorologist 
TEXT: KATJA TRIPPEL
The storm surge that hit Usedom on New 
Year’s eve 1913 was devastating: in Zin-
nowitz, the waves tore away the landing 
bridges, and gale-force winds swept water 
from the Baltic as far inland as the castle 
courtyard in Wolgast. Nevertheless the dili-
gent staff of the harbour signal station ven-
tured outside several times a day to raise 
their flags, warning those out to sea of the 
storm hazard, and noted in their logs: blow-
ing snow; wind force 12 Beaufort; water 
temperature three degrees. 
When the storm finally passed, the imperial 
postal service transported the weather re- 
cords to the German Marine Observato-
ry (Deutsche Seewarte) in Hamburg. Once 
there, they were archived, just like all other 
‘meteorological manifestations’, which the 
‘storm signallers’ (Sturmsignalisten), who 
manned 164 stations in the German Bight 
and along the southern Baltic coastline, be-
gan documenting by hand in 1877. The rea-
son: ever since the mid 19th century, when 
the American naval officer Matthew Fontai-
ne Maury had analysed historical ship’s logs Turbulent          times? 
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In the basement of the Sea Weather Office 
in Hamburg, Birger Tinz from the German 
Meteorological Service (below) discovered the 
leather-bound ledgers of the ‘storm signallers’. 
Their charts and reports represent a valuable 
source of data for modern storm research, and 
are currently being transferred into digital form.
Two members of staff from a storm signal station roll a ‘wind ball’ to the signal post. 
If the ball were hung from the post, anyone who saw it would know it 
meant the wind was blowing at an intensity of 6 to 7 on the Beaufort scale.
Dr Birger Tinz from the German Meteoro-
logical Service (DWD) stumbled across the 
all-but-forgotten black leather books – and 
immediately had the feeling that he’d found a 
treasure trove for research purposes. “Histo-
rical time series like this are extremely valu- 
able when it comes to researching storms on 
a regional scale,” Tinz explains. “Moreover, 
good wind and atmospheric pressure data 
for the Baltic Sea region, which can be used 
to reconstruct past storm activity, is hard 
to come by. And this information isn’t just 
of interest to those operating harbours or 
offshore wind parks, but everyone who has 
trees anywhere near their house.”
Without a doubt, the damage that wind-
storms and other storms can do, even at our 
latitudes, is considerable. Probably everyone 
living in Germany and over the age of 35 still 
remembers the winter of 1990, when eight 
hurricanes in a row, including the infamous 
duo Vivian and Wiebke, destroyed countless 
buildings and forests, claiming 64 lives; or 
Lothar, the ‘storm of the century’, which struck 
on Boxing Day of 1999: its record-breaking 
272 kilometre-per-hour winds produced fatal 
accidents throughout half of Europe, and the 
damage cost ten billion euros to clean up. In 
2007 the storm Kyrill raged so wildly that, 
for the first time in history, Deutsche Bahn 
suspended all rail transport. 
 Media changes  
 hazard perception 
More recent storms like Xaver (2013), Ela 
(2014), Felix (2015) and Friederike (2018) 
weren’t as extreme – yet images of houses 
with their roofs torn off and uprooted trees, 
which flitter about Facebook and YouTube, 
give many people the feeling that catastro–
phes are becoming more and more frequent. 
But is their gut feeling actually right?  
At least for the citizens of Hamburg, who the 
Institute of Coastal Research at the Helm-
holtz Centre Geesthacht (HZG) has survey-
ed regarding their views on climate change 
and its impacts every year since 2008, the 
answer is clear: though in 2018 the majority 
of those surveyed (64 percent) once again 
cited flooding as the natural catastrophe 
with the worst potential consequences, 
more of them than ever before (19 percent) 
claimed that storms were the most serious 
threat; in 2008, it was only nine percent.
Scientists are of course more sceptical by na-
ture, and prefer to put their faith in numbers, 
ideally reliable ones. And the more figures 
available, the better. Consequently, Birger 
Tinz is now working to preserve the storm sig- 
nallers’ historical records in a clearly legible, 
digital form – a herculean task. At the same 
time, in her doctoral thesis, his colleague 
Dr Dörte Wagner is analysing how valid the 
data is, or to put it another way: whether the 
signallers actually did a good job. To do so, 
she and colleagues from the HZG’s Institute 
of Coastal Research are checking the extent 
to which the wind and atmospheric pressure 
data from selected signal stations match 
with data from regular weather stations and 
the weather maps produced by Germany’s 
Imperial Navy. What they’ve found: only one 
of about 100 stations was consistently inac-
curate in the New Year’s eve storm 1913. As 
for the other storm signallers, Tinz has noth-
ing but the greatest respect for their work: 
“They really knew their business; they were 
true sea dogs!” 
In the meantime this digitalised data has 
also been provided to the climate resear-
cher Dr Frauke Feser, who coordinates storm 
research at the Institute of Coastal Re-
search. Together with her colleague Dr Oliver 
Krüger, she is performing statistical analyses 
on meteorological time series from a variety 
of sources – e.g. from the DWD’s monitoring 
stations, which have been in operation sin-
ce 1875; from weather stations in Iceland, 
Norway and Ireland; and from internatio-
nal databases on atmospheric pressure, like 
those provided by the WMO (World Meteoro-
logical Organization). 
 Air pressure most  
 reliable measure 
In this regard, data on wind strength and 
direction is much less important than atmo-
spheric pressure data. “Wind measurements 
alone aren’t generally considered to be a reli- 
able parameter for describing storm activity 
over a longer timeframe,” Feser explains, 
“because the results depend substantially 
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 Since the summer of 2018, the certified forest manager  
 Felix Gerhardt has led the ’Vegetation and 
 Natural Hazard Management’ team at DB Netz AG. 
The trains need 
to keep rolling, storms 
or no storms
  Mr Gerhardt, you work in natural  
hazard management – that has an  
exciting ring to it. What exactly does  
your work involve? 
We’re a four-member team, consisting of  
another forest manager, a water manage-
ment engineer, a geoscientist, and myself.  
Our job is to plan efficient preventive and  
clean-up measures, so that rail transport  
can run more smoothly than in the past 
when it comes to extreme weather condi-
tions like hurricanes or massive cold snaps.
  And how do you do it? 
First we analyse the damage done by past 
events like severe storms – and what we  
can expect to see in the future. In more 
practical terms, we focus on the vegetation 
near the rails. We ask ourselves: how can 
we avoid trees or limbs coming down on 
the tracks due to storms or heavy snowfall, 
causing delays?
  Good question! How do you want  
to avoid this in the future? 
For 2019 our goal is to check our core rail 
network – roughly 6000 kilometres! – for 
potentially problematic trees. In this regard, 
we’re currently testing whether we can  
use drone imagery and special software  
to display and check certain wooded areas 
using tablets. Six metres to the right and 
left of the tracks, in what we call the  
trim zone, we’ll completely cut down the 
vegetation. In the stabilisation zone  
20 to 30 metres beyond the trim zone,  
we want to take a closer look at the com-
position of the woods, so as to make them 
more resistant to storms. In other words: 
trees that pose a risk will be trimmed  
or cut down, while sturdy ones will receive 
targeted support to preserve their health – 
needless to say, only outside of the nesting 
season. But in order for these efforts to  
bear fruit, we have to rely on the support  
of forest owners, government offices  
and associations.
  Do you also work together with 
climate researchers? 
We participate in a number of experts’ 
networks, and we also organise events to 
promote a healthy exchange between  
the European rail networks, and with techni-
cal and research institutes. Climate change 
isn’t a linear phenomenon, which is why we 
need to constantly reassess our concepts 
and be prepared to update them.
In
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on the local surroundings. For example, on a 
stormy day in Hamburg, you’ll get very diffe-
rent readings at the airport than at the har-
bour.” Further aspects for reliable time series: 
stations were often relocated in the past and 
external influences can skew long-term wind 
records: “For example, if over the course of 
time a small forest grows near a measuring 
station, or a new building is erected near it, 
it can have a significant impact on the rea-
dings,” says Feser. 
To determine how the intensity of storms 
over the North Sea and Baltic developed in 
the past, Feser’s colleague Oliver Krüger 
works with historical atmospheric pressure 
data - from measuring stations that are 
located at least 500 but no more than 
800 kilometres apart. He uses these 
sources to form triangles in which a para-
meter referred to as the geostrophic wind – 
an approximation of the atmospheric circu- 
lation that is suitable for the middle latitu-
des – can be calculated. According to Krüger, 
“The more of these triangles we calculate, 
the more precisely we can analyse the storm 
history of the North Atlantic, and that of the 
North and Baltic Seas.” 
 Surprising result 
His findings may come as a surprise: 
“There are neither more storms, nor have 
they grown more intense,” the climate ex-
pert reports. That being said, the chronologi-
cal development is somewhat more complex, 
as Frauke Feser explains. “If we look at the 
development over the past 50 years, starting 
in the mid 1960s the total number of major 
storms over Germany began rising. But if we 
look back another 100 years, and further 
forward into the early 2000s, there doesn’t 
appear to be any long-term trend.” Instead, 
there are alternating decades: some with an 
unusually high number of storms, and others 
that are fairly quiet. For example, since the 
mid 1990s the number of storms has - con-
trary to popular opinion – dropped back down 
to the long-term average. 
“In other words, when it comes to wind there 
is no general increase like with atmospheric 
and ocean temperatures; it’s more like wa- 
ves, that are stronger or weaker for 
several years at a time,” Feser empha- 
sises. Why is it different with wind? “That’s 
something we’re investigating right now. 
And the data from the storm signallers will 
hopefully help us to do so.” 
For his part, Birger Tinz from the DWD is hap-
py to see that the old weather records are 
• Wind strength and direction usually don’t offer suitable parameters for investi-
gating long-term storm trends; atmospheric pressure data is more reliable.
• The winter of 1990 was one of the stormiest since the beginning of weather 
records: eight consecutive hurricanes swept over Germany. 
• Neither the number nor frequency of storms over Germany is on the rise – 
instead, there are alternating periods of intense storm activity, like in the  
early 1990s, and those with fewer storms, like the period we’re currently in.
being used to contribute what he calls ‘part 
of the great storm puzzle’. In his work so far, 
he was especially surprised to discover that 
the Baltic is apparently just as stormy as the 
North Sea. “That’s not only important for 
tourists, yachtsmen, but also for investors 
who are considering building an offshore 
wind park,” says the meteorologist. “Knowing 
how powerfully the wind has blown, and 
where, over the past 150 years can be crucial 
in terms of deciding for or against a potential 
site for a new wind park.” 
However, he can’t promise that these in-
sights into the past will soon also provide 
clues to what the future holds; the clima-
te researcher Feser is also reserved: “We 
still need a better understanding of where 
these decadal variations came from, and of 
how various effects of the climate system 
and climate change influence storm activity 
in our regions. We won’t be able to gain in-
sights for the future until we’ve grasped the 
nature of storm activity in the past.”
LOOKING AHEAD “I want to find out where these alternating strong and  weak storm phases in the past came from. To do so, we’re currently working to identify which mechanisms are respon-
sible for the long-term development of the storm climate, 
both in our latitudes and around the globe.
FRAUKE FESER
Climate modeller, Helmholtz Centre for Materials and  
Coastal Research in Geesthacht (HZG)
„ HZG climate modellers Frauke Feser 
and Oliver Krüger are using the storm 
signallers’ historical atmospheric 
pressure data to reconstruct storm 
frequency in the past, and to deter-
mine why storms over northern Europe 
alternately increased and decreased. 
This is connected to a question that is 
also highly relevant for many industrial 
sectors: how will climate change affect 
the development of storm fronts? 
There are currently many indications 
that storms will become more intense 
in the future, and that their paths will 
shift further to the east.
I n  P r a c t i c e 
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TEXT: KATJA TRIPPEL 
 How much methane is being emitted by Arctic permafrost and restored peatlands in  
 northern Germany? Katrin Kohnert and her colleagues at the German Research Centre for  
 Geosciences in Potsdam (GFZ) take to the skies to learn more about this essential 
 climate-relevant gas.
THE  HIGH FLYER 
On board the research aircraft Polar 5, environmental scientist Katrin Kohnert (small photo) has an unob-
structed view of the Mackenzie Delta in northwest Canada. But she rarely has time to enjoy the view; her 
job is to monitor equipment that measures atmospheric methane concentrations.
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Even on normal days, Dr Katrin Kohnert 
can’t complain about her workplace: the 
postdoc’s office at the GFZ is perched atop 
Potsdam’s Telegrafenberg hill; surrounded 
by aromatic pine trees, the building is 
located right beside the legendary Einstein 
Tower observatory, where, from 1924, Ger-
many’s most famous scientist and his col-
leagues sought to experimentally test his 
gravitation theory.
But if you truly want to see Kohnert’s face 
light up, ask her about her research trips to 
the Arctic. During these treks, she sits on 
board the Polar 5 – an old DC3 that the Alfred 
Wegener Institute (AWI) refitted for service 
as a research aircraft – and spends hours 
carbon like a giant deep-freeze, in soils that 
thaw due to the warming climate just the 
opposite occurs: the deep-freeze opens, mi-
crobial decomposition sets in, and methane is 
released into the atmosphere. 
 Carbon reservoir peatlands 
All told, roughly a quarter of the Northern 
Hemisphere, especially in the Arctic, belongs 
to the permafrost zones. Within the perma-
frost zone, only approximately 15 million 
square kilometres are permanently frozen. 
Yet the Arctic is warming faster and more 
dramatically than any other region on Earth. 
In contrast, peatlands cover only 3 percent 
of the Earth’s surface, but sequester 25 per-
cent of organic soil carbon; that’s twice the 
amount stored in all of the world’s forests. As 
such, both types of landscape are extremely 
important from a climatic standpoint. 
To more precisely gauge permafrost soils’ ef-
fects on the climate Katrin Kohnert gathers 
data on the natural gas exchange during her 
flights over research areas measuring up to 
100,000 square kilometres. For the project 
“Airborne Measurements of Methane Fluxes” 
(AIRMETH) AWI engineers equipped the old 
DC3 with various types of equipment in the 
course of several-week-long preparations: 
sensors for measuring temperature, mois-
ture, wind speed, and wind direction, are at-
tached to the plane’s nose. Further, a system 
of pipes pumps external air from an opening 
in the plane’s roof and into a gas analyser, 
which can measure the concentrations of 
carbon dioxide, methane, and water vapour 
at high speeds. 
“At roughly 50 metres up, the measuring 
systems can accurately record the exchange 
processes between the surface and atmos-
phere,” Kohnert explains. In other words: 
only at this low altitude can they measure 
how much carbon dioxide is drawn from veg-
etation through photosynthesis on the one 
hand, and how much methane is released 
on the other. Katrin Kohnert’s task was to 
prepare the aerial campaign down to the last 
detail. “I take care of planning the flight 
cruising above the summer tundra. The ter-
rain below could be Canada’s Mackenzie Del-
ta or the coastal landscape of Alaska’s North 
Slope. Flying at just 50 m above ground 
provides a bird’s eye view of winding rivers, 
herds of caribou, and glimmering lakes in a 
rich green mosaic dotted with pink flowers or 
white cotton grass, depending on the season 
– and if the screen in front of her indicates 
that all measurements are working properly. 
After all, they’re the true purpose of her re-
search flights: since 2013 she and her col-
leagues in Prof Torsten Sachs’ Earth-Atmos-
phere Interactions Working Group at the GFZ 
have been investigating how much methane 
the soils of the Arctic tundra release into 
the atmosphere during summertime thaw-
ing. Methane, the climate gas with a single 
carbon atom and four hydrogen atoms (CH4), 
can produce a greenhouse effect up to 28 
times more powerful than carbon dioxide 
(CO2). “Based on current knowledge, more 
than 55 percent of all methane emissions are 
produced by mining, livestock and crop farm-
ing, or landfills. In other words, they are di-
rectly caused by human activities,” says Koh-
nert. “The rest stems from natural sources, 
especially in wetlands, where it is produced 
by natural decomposition processes in soils, 
ponds or lakes.” Yet here, too, human actions 
are becoming increasingly relevant. While 
permanently frozen soils safely store organic 
Using Polar 5’s onboard camera, the experts captured this image of an emptied lake in the Mackenzie Delta (left). The formation  
and draining of lakes in permafrost regions are unmistakable signs that the once permanently frozen soils are gradually thawing. 
In the process, methane can be released in different ways, as the infographic shows.  
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route. And once we’re in the air, I have to 
make sure the pressure in the gas analyser 
remains stable; otherwise, the measure-
ments are no good.”
 Good news 
For every research campaign, her team usu-
ally has four weeks on site, during which 
they overnight in group housing units with 
what Kohnert affectionately refers to as ‘the 
rustic charm of corrugated steel.‘ As team 
leader Torsten Sachs adds with a laugh, “You 
have to get along pretty well in order for it to 
work, especially if bad weather or technical 
problems force us to change the flight plan. 
After all, we’re not there on holiday.”
For her doctoral dissertation, which she de-
fended in late 2018, Kohnert integrated 
not only her field data, but also information 
from satellite imagery into the analysis. “I 
wanted to determine whether or not there 
are spatial patterns in the emissions, say, if 
lakes emit more methane,” she relates. She 
presented her findings as maps – pioneer-
ing work based on a painstaking calculation 
technique, and the results of which held 
their fair share of surprises for the members 
of the Working Group. “The initial outcomes 
show that, at least in Alaska, the soils aren’t 
emitting as much methane as the readings 
from the ground stations would seem to in-
dicate,” says Kohnert. “And lakes and ponds, 
which were generally assumed to be ‘hot 
spots’, aren’t particularly active on a region-
al scale, either.” According to Torsten Sachs: 
“From a climate perspective, at least, that’s 
good news.”
Sachs’ team is also measuring climate gas 
emissions in northern Germany – in the 
peatlands of Mecklenburg-Vorpommern, to 
be precise. Following German reunification, 
many hundred hectares of land that had pre-
viously been drained and intensively used 
for agriculture were restored, so that flora 
and fauna could once again grow and thrive 
there naturally – but also in order to reduce 
the high CO2 emissions produced by the use 
of drained wetland soils. The long-term goal 
is for wetlands to form once again on a total 
area of roughly 37,000 hectares. 
Here, too, the Potsdam-based efforts are 
measuring the climate effects of these 
land restoration efforts from the air – but, 
given the power lines and wind turbines 
in the region, they’re flying at 150 metres 
above ground using a motor glider from the 
Free University Berlin. In addition, togeth-
er with colleagues in Rostock, they operate 
stationary measuring towers and are gath- 
ering additional soil data. What they’ve 
learned so far: though these efforts are 
beneficial in terms of plant and animal di-
versity, they don’t necessarily immediately 
produce positive climate effects: “When the 
For her fieldwork in the Siberian Lena Delta, Katrin Kohnert uses the Heliopod (left), which is towed below a helicopter as it flies over the tundra. The flights  
depart from and return to the Russian research station ‘Samoylov Island’ - clearly recognisable thanks to its brightly coloured buildings (bottom). The global  
methan budget shows: around the globe, industry and agriculture are currently releasing more methane than peatlands or thawing permafrost soils (top).
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“„
ANNA KALBHENN is a  
project manager and co-
curator of the special series 
‘NATIVe – a Journey into 
Indigenous Cinema’ at the 
Berlinale. NATIVe offers 
indigenous filmmakers from 
around the globe a forum 
for their short or feature- 
length documentary / 
non-documentary films.
 Highlighting climate-related topics at the Berlinale film  
 festival: can that work? Absolutely, says Anna Kalbhenn,  
 project manager and co-curator of the Berlinale special 
 series ‘NATIVe – a Journey into Indigenous Cinema’. For the  
 past three years Kalbhenn, the DEKRA University of  
 Applied Sciences in Berlin, and REKLIM have successfully  
 brought together researchers and filmmakers, attracting  
 viewers in droves. 
We bring together 
disparate worlds
Consequently, the climate experts suggest 
that, in future land restoration projects, the 
uppermost soil layers be removed before 
the land is flooded. “In the best-case sce-
nario, this could significantly reduce the 
negative effects,” hopes Sachs. Even if many 
questions regarding the climate effects of 
wetlands and permafrost regions remain 
open, for the Potsdam-based team one thing 
is certain: when left alone, peatlands guaran- 
tee that little carbon dioxide or methane is 
released, but human activities can perma-
nently destroy the biotope’s fragile equilib-
rium – which makes it all the more important 
that the potential risks and benefits of such 
activities be carefully considered in advance. 
Hütelmoor peatland on the Baltic coast near 
Rostock was flooded in 2009, the methane 
emissions increased 100-fold,” Sachs re-
ports. “By 2011, they had dropped by rough-
ly a third, but the level has remained fairly 
constant ever since.” 
 Emissions remain 
In contrast, the researchers are still waiting 
for the methane emissions to drop substan-
tially at the Zarnekow polder on the Peene 
River, whose dikes were dismantled in 2005; 
it didn’t become a CO2 sink until 2018, and 
the carbon dioxide emissions still remain far 
higher than predicted. “Apparently, the mas-
sive agriculture-based changes have very 
long-term impacts,” says Sachs. One poten-
tial explanation: methane-producing micro-
organisms (archaea), which break down the 
available biomaterial, are already thriving 
in the rewetted, once intensively fertilised 
soils, while their counterparts, the oxidisers, 
still need more time to establish themselves. 
• When permafrost regions thaw, they emit the greenhouse gas methane. 
Just how much they emit is currently being investigated.
• With the aid of readings from stationary towers and data gathered by  
low-flying, specially equipped aircraft, gas exchange can be documented  
on a broad scale.
• Land restoration projects in the peatlands of northern Germany are having  
a positive effect on biodiversity. However, in the Hütelmoor peatland  
and the Zarnekow polder, primarily negative climate effects have been  
observed to date. Accordingly, optimising land restoration methods would  
be a sensible next step.
  Ms Kalbhenn, since 2017 you and  
the Climate Office for Polar Regions  
and Sea Level Rise at the Alfred Wegener  
Institute have been coordinating  
Berlinale events where researchers  
and filmmakers can compare notes.  
How did this all begin?
It was a bit of a coincidence: that year, the 
DEKRA University of Applied Sciences in 
Berlin and REKLIM had focused their long- 
standing media cooperation on the topic of 
permafrost – partly because those responsi-
ble had visited the federal Russian republic 
Sakha (Yakutia) the year before, where they 
established several contacts with indige-
nous communities. This work gave them the 
idea of initiating a joint round of discussions 
on climate change and indigenous life at 
the Berlinale – a topic that was of interest 
to researchers and movie buffs alike – and 
to get REKLIM on board.  
  And how does it work? 
In keeping with NATIVe’s regional focus  
topics – which in previous years have  
been on the Arctic, and on islands in the 
Pacific – we, together with REKLIM and the 
DEKRA University of Applied Sciences,  
organised panel discussions involving a 
range of experts: researchers, directors, and 
producers. In 2017 we had a movie produ-
cer from Sakha, in 2018 it was an author 
from Tahiti, whose poetry was integrated 
into a documentary piece, and this year 
we’ve invited a filmmaker from the Salomon 
Islands – and the public, of course. This  
combination is the perfect recipe for  
exciting discussions, and can even lead  
to new collaborative projects.  
  Has the response been positive? 
It’s been excellent, precisely because we 
bring together worlds that otherwise have 
little to do with one another: art, film,  
science, and enthusiastic spectators. They 
can learn how indigenous experts and 
European researchers respectively view 
the indicators and impacts of our warming 
climate. And all of the participants learn  
a bit about how to present their topic to  
the public. In turn, as a film festival, we  
are delighted when we can use formats like  
this one to spark a change of attitude. 
LOOKING AHEAD
Using a small measuring station, geoscientist Torsten  
Sachs (small photo) records methane emissions at  
the Zarnekow polder, a peatlands ecosystem on the  
Peene River in Mecklenburg-Vorpommern.
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It’s still very unclear how much methane is actually being  
released in the Arctic and in peatlands because we lack a  
complete understanding of, and data on, the complex systems 
involved. With my measurements, I hope to help shed new  
light on the subject.
KATRIN KOHNERT
Environmental scientist, German Research Centre for Geosciences in Potsdam (GFZ) 
and Leibniz Institute of Freshwater Ecology and Inland Fisheries (IGB)   
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2008
 Laying the first stone 
In the context of the climate protec-
tion initiative, Germany’s Federal 
Ministry of the Environment agreed  
to provide local communities with 
funding to hire their own climate  
protection manager. The goal: help 
cities and municipalities develop  
and implement individual climate  
protection concepts with the aid  
of these experts.
2016
 One man’s insight 
In Emmendingen, a town of 28,000 inhabitants in south- 
west Baden-Württemberg, climate protection manager  
Armin Bobsien concluded that a given city or community 
doesn’t need just one climate protection expert; ideally, it 
should have as many experts as citizens. Accordingly, he 
decided to train his fellow citizens to become multipliers for 
local climate protection. Now all he needed was someone 
with previous experience in the area, but who? 
2016
 An idea becomes a plan 
While researching training options, Armin Bobsien stumbled 
across an online seminar on climate change and its impacts.  
Bobsien found the approach used in the seminar, which was  
prepared by the World Wide Fund For Nature (WWF) Germany  
and the German Climate Consortium (DKK), promising. But  
the content chiefly focused on the global climate and offered 
very little information on the changes in southwest Baden- 
Württemberg, which were his top priority. In response, he  
contacted the WWF Germany. 
2016  From plan to course concept
 Without knowledge, there can be no climate  
 protection: in keeping with this simple logic,  
 REKLIM and its partners launched an  
 unprecedented project. In ‘crash courses’, they  
 train interested citizens to become climate  
 multipliers - at their local community college,  
 and using a teaching plan that is precisely  
 tailored to the participants’ home  
 region. A project that began with small  
 steps but is rapidly gaining momen-  
 tum, as this timeline shows. 
#klimafit –  
An idea  
comes  
of age
2016
 Ambitious plans for Germany 
In November 2016, Germany’s federal government 
approved a climate protection plan for 2050, making it 
one of the first countries to create a long-term climate 
protection strategy and present it to the United Nations, 
as called for in the Paris Agreement. Germany’s long-
term goal is to become largely greenhouse-neutral by 
the year 2050. 
Armin B
obsien
  2°
2015
 Defining the global  
 climate target 
At the 21st UN Climate Change Conference in 
Paris in December 2015, for the first time the 
representatives of 195 countries concluded a 
broad, legally binding agreement on global  
climate protection. The agreement included  
an action plan intended to keep global  
warming well below 2 degrees Celsius.
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2016
 Dress rehearsal in Emmendingen 
The first trial run for the new course concept took place at the community  
college in Emmendingen: five evenings, 20 participants, and a host of research- 
ers. The modern course concept was well received – so well, in fact, that half of 
the participants came up with idea of regularly meeting for a #klimafit regulars’ 
table. Their goal: promote climate protection in Emmendingen through local 
campaigns of their own. During WWF Earth Hour 2017, for the first time the 
lights on Emmendinger Tor, the centrepiece arch in the city’s historic  
quarter, were temporarily doused. And that was just the beginning...
March 2017 
 The first sponsor gets on board 
The positive response in Emmendingen encouraged the WWF and REKLIM to 
take the next step. They jointly submitted an application for funding to the 
Robert Bosch Foundation, in order to expand the project to additional cities.  
The target groups: 
On the one hand, those who want to help make their cities and communities 
more climate-friendly. This includes architects, energy consultants, green-
space planners, craftspeople, heating installers and town council / municipal 
council members. On the other, the course addresses parts of the workforce 
that are especially affected by the regional impacts of climate change,  
e.g. those working in agriculture and forestry. But all citizens who simply 
want to learn more about regional climate change are also warmly invited  
to attend. 
The concept: 
The #klimafit evening sessions combine expert presentations, group  
discussions and digital learning, giving the participants the chance to talk 
with leading experts on climate change at the global, regional and local level. 
A moderator who is familiar with the region guides the group through the 
content; in turn, the community’s climate protection representative shares 
information on local challenges. By the end of the course, the participants 
hopefully see themselves as multipliers for climate protection in their com-
munities, and know a great deal more about the effects of global climate 
change in their own backyard, and what they can do in response.
September 2017
 Kick-off in six pilot cities 
In September 2017, #klimafit was launched at community colleges in six 
cities throughout southwest Germany: Bad Säckingen, Emmendingen,  
Bühl, Offenburg, Heidelberg and Stuttgart. The response from the  
115 participants was overwhelmingly positive: in the final evaluation,  
95 percent claimed they would recommend the course to a friend;  
71 percent reported that their expectations with regard to learning  
more about climate change were completely satisfied; and 91 percent  
confirmed that they had learned a great deal about the effects of  
climate change in their own region. 
Juni 2018  Refining the concept: What do communities truly need?
95%
2016
 From plan to course  
 concept 
The WWF welcomed the request  
from Emmendingen, and worked  
together with Armin Bobsien to  
design a first test climate course  
for those who worked during  
the day. The course is intended to 
be offered at local community  
colleges, present essential climate-
relevant information concisely,  
promote exchanges between the  
participants, provide a forum for  
new ideas, and above all focus on 
the regional impacts of climate 
change. But who knows the most 
about the effects of climate  
change in Germany? And who  
could provide the necessary content? 
REKLIM, of course. No sooner said 
than done, they soon set to work!
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May 2019
 Addressing the centre 
The lessons learned from the project’s second phase in Southwest and Northern  
Germany were integrated into the course concept for Central Germany, and new 
courses in Hannover, Leipzig and Berlin, as well as Munich, were planned to com-
mence in the spring of 2020. The new regional focus areas include drought and 
flooding. As a next step, the organisers have set the ambitious goal of offering  
the course nationwide, so as to make even more communities ‘klimafit’. 
Our educational experts
for climate protection:  
The WWF Germany
The WWF’s Education division has specialised 
in developing continuing education products 
that combine digital technologies with  
conventional group-based learning. Its motto: 
having fun while learning, and using what 
you learn to help shape the future. 
January 2019
 Nordic by nature 
In early 2019, the community colleges in seven Northern  
German cities added #klimafit to their curricula: Hamburg,  
Bremerhaven, Bremen, Emden, Eckernförde, Rostock and  
Greifswald. Once again, the content was tailored to the specific  
region. Further, some of the theoretical content was removed,  
leaving considerably more room for topics like networking and  
how to take action. At the same time, the second round of #klimafit  
courses were being offered in Southwest Germany, and were  
chiefly financed by the communities themselves. Held in the spring  
of 2019, these courses attracted 274 men and women, who were also  
surveyed in terms of what they learned and their opinions on the project. 
 #klimafit is a new course format offered at community colleges,  
 intended to train normal citizens to become climate multipliers in their  
 own communities. It introduces participants to the scientific fundamentals  
 of the climate and climate change, equips them with the skills they need  
 in their new role, and especially focuses on regional climate change.  
 The format combines classroom teaching and online work, while also  
 giving participants the chance to speak with climate researchers and get  
 in touch with local climate protection initiatives. #klimafit is accompanied  
 by local / municipal climate protection representatives. 
How does the 
#klimafit 
course actu-
ally work?
October 2018 
 A second sponsor  
 joins in 
Duly impressed by the concept, the regional connection, 
and the dialogue between researchers and citizens, in  
the autumn of 2018 the Klaus Tschira Foundation became 
the second major sponsor for #klimafit. 
June 2018 
 Refining  
 the concept:  What do  
 communities truly need? 
Despite this excellent feedback, everything good can always be 
made even better: in response, on 5 June 2018 the #klimafit 
organisers invited actors from the areas climate protection and 
climate adaptation, as well as representatives of the federal, 
state and local government, to a workshop in Hamburg. Together, 
they discussed how the course could better meet the needs of 
citizens and communities. One of the ideas put forward: teaching 
participants how to stand up and get actively involved. But how?
Our sponsors:  
The foundations
#klimafit continues to grow, thanks to the vital financial support provided by the  
Robert Bosch Foundation and the Klaus Tschira Foundation. For both sponsors, the dialogue 
between the research community and society at large is a matter close to their heart.  After all, 
knowledge alone isn’t what sets societal transformation in motion; it takes people, who join 
forces to drive that change. And it is precisely this idea that #klimafit is putting into practice.
Teamwork nationwide
 The following valued partners have helped  
 make #klimafit a success 
 
Our climate experts:  
REKLIM – Helmholtz climate  
initiative on regional climate change
In the context of the REKLIM initiative, nine 
Helmholtz Centres have been jointly investigat-
ing the regional effects of climate change for the 
past ten years. The participating experts share 
their expertise and latest findings e.g. as pres-
entations or in study materials for the course. 
Our anchors onsite:  
Community colleges
Community colleges can be  
found in nearly every town.  
Known and trusted as unbiased 
adult education centres, people  
are rarely anxious about visiting  
them. Taken together, these two 
aspects make them ideal partners. 
In addition, many community  
colleges are now making great 
strides with regard to digitali- 
sation. As such, #klimafit and its 
digital learning formats came  
at just the right time.
               
All illustrations were done during                                a workshop in Hamburg, Germany.
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Be  
prepared!
 Due to climate change, in the future   
 sudden floods produced by heavy rainfall  
 could occur more frequently in Germany.  
 For example, the town of Grimma, Saxony  
 was hit by flooding twice in the span of  
 eleven years. In response, flood protection-  
 measures are now being massively  
 expanded in Saxony - with the support  
 of risk analyses and social scientific studies  
 prepared by experts from the REKLIM network. 
TEXT: TIM SCHRÖDER
Two hundred-year-floods in rapid succession: just 
eleven years after the 2002 flood, in June 2013 Grimma’s 
historical quarter was once again underwater.
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One of their findings: after the second 
flooding event, people tend to sink into a 
state of resignation. The burden of a second 
catastrophe is enormous, both psychologi-
cally and financially, the researchers deter-
mined. In addition, less financial relief was 
provided by the state after the 2013 floods. 
Nevertheless, they found that such experi-
ences could also strengthen communities. 
Solidarity works best, it would appear, when 
the members of a community know one an-
other, and it is not weakened by too many 
new faces, or residents leaving. In Grimma, 
most residents chose to stay – even after 
2013. Most of those who left the historical 
quarter had only lived there for a relatively 
short time; the ‘veterans’ stood their ground.
But how do you create solidarity? How can 
Grimma wasn’t hit just once, but twice: in 
August 2002 and again in June 2013. In both 
years, the summer was characterised by 
heavy rains, causing the normally mild-man-
nered Mulde to spill over its banks. The 
Mulde, a small river in northern Saxony, 
flooded Grimma’s historical quarter, rising to 
fill the basements and ground floors of many 
buildings. The first flood alone produced 
damage amounting to 250 million euros; no 
one could have guessed that history would 
repeat itself just eleven years later. After all, 
both events were what are known as hun-
dred-year-floods, which, statistically speak-
ing, should only occur once every 100 years. 
But in this case, one followed the other in 
rapid succession.
When disaster strikes twice, it is especially 
harsh. Prof Reimund Schwarze from the 
Helmholtz Centre for Environmental Re-
search (UFZ) in Leipzig asked himself what 
this does to people, how it affects the cohe-
sion and solidarity of communities. In addi-
tion, he wanted to find out something else: 
how can towns like Grimma best protect 
themselves from future floods? For many 
regions in Germany and Europe, this is a fate-
ful question; many experts are now warning 
that heavy rains will likely become more 
frequent in the future. And this in turn will 
increase the risk of severe flooding. 
 An ideal research subject 
Reimund Schwarze ultimately chose to in-
vestigate Grimma in terms of two major as-
pects – the people affected, on the one hand; 
and flood protection, on the other. He and 
his colleagues at the UFZ interviewed town 
residents, and asked them e.g. whether (and 
if so, how) they had taken any further pre-
cautions against flooding after 2002. They 
also analysed statistical data – for example, 
the number of new residents and the number 
of residents who moved out of the historical 
quarter after the flooding. “It goes without 
saying that being hit by serious flooding 
twice makes the city an unprecedented site. 
We’ve tried to use that quality to arrive at 
important conclusions for the future,” says 
Reimund Schwarze. 
people be moved to think of the communi-
ty first, despite their own hardships and 
losses? Today, and especially in the future, 
when floods will likely be more common. 
Schwarze’s answer is strikingly simple: “Sol-
idarity is something that can be learned; not 
so much during or after catastrophes, but 
through catastrophe readiness. When peo-
ple work together to prepare for a potential 
catastrophe, they begin thinking in terms of 
solidarity.” When asked whether people could 
also adapt to more frequent weather ex-
tremes, Schwarze also answers with a clear 
yes. “At the end of the day, living with in-
creasing hazards consists in being prepared, 
rehearsing for the worst-case scenario time 
and time again as part of a team and, in the 
process, minimising the damage when and if 
catastrophe strikes,” says Schwarze, who is 
also a member of the board at the German 
Committee for Disaster Reduction. Anoth-
er sensible solution, he claims, is that some 
communities still turn on their disaster sirens 
briefly at noon every Saturday, providing cit-
izens with a constant reminder that such 
natural hazards are a possibility. Doing away 
with these sirens to cut costs, as most of the 
cities in Germany have done since 1993, is a 
policy he finds misguided.
 Flood protection that  
 everyone stands behind 
Matthias Berger, the mayor of Grimma, has 
also experienced solidarity first-hand. In 
2002, Federal Chancellor Gerhard Schröder 
visited the flooded town. The media re-
sponse was correspondingly huge, and was 
followed by a huge wave of donations. In 
addition, once all the hype had died down, 
the community continued to stick together. 
When it came to planning future flood pro-
tection measures, the decision was made to 
involve the town’s citizens; to invite them 
to share their input on how the bulwark of 
floodgates should be designed, helping to 
ensure everyone would ultimately accept 
it. The result, achieved with the support of 
the State Reservoir Administration of Sax-
ony (Landestalsperrenverwaltung): a flood 
protection system that fits perfectly into 
the old townscape and its lovely rubblework 
walls. “We tastefully trimmed 79 floodgate 
elements, each of which is one-of-a-kind, 
to fit the ensemble of our castle and near-
by buildings.” As Matthias Berger relates, his 
hat goes off to the local citizenry: “When the 
second flood hit in 2013, we had a fairly 
clear idea of just how bad it was likely to be. 
And in some parts of town, the damage from 
2002 still hadn’t been fully repaired. The fact 
that they nevertheless refused to give up is 
tremendous.”
In the meanwhile, the floodwall has become 
a real marketing hit for Grimma: groups of ex-
perts from throughout Germany and abroad 
frequently visit the town to learn from its 
example. Yet Matthias Berger never grows 
tired of stressing that comprehensive and cli-
mate-change-adapted flood protection takes 
more than floodgates: in many surrounding 
areas, the ground has been covered with a 
sealed surface, and the courses of rivers and 
streams have been straightened. In the past, 
a raindrop that fell in the Erzgebirge would 
have needed three days to reach Grimma; 
today the rainwater rushes into the valley in 
a matter of hours. “In terms of river restora-
tion and creating flood reservoirs, there’s still 
plenty of work to do,” says Berger.
 Accurately gauging risks 
That being said, Saxony has made consider-
able strides in flood protection since 2002, 
and the researchers at the UFZ have con-
tributed to them. Since the early 2000s, au-
thorities in the European Union have been 
required to prepare hazard maps, allowing 
at-risk areas to be identified. The maps take 
into account whether there are any buildings 
in these areas, what commercial assets there 
are, and whether important infrastructure 
elements like the power supply or drinking- 
water supply could be affected. 
As an environmental economist, Reimund 
Schwarze was involved in creating hazard 
maps for the Lockwitzbach near Dresden, 
which are still used as the basis for flood 
prevention today. “These hazard maps have 
definitely helped us move forward,” says 
Dr Uwe Müller, a flood protection expert at 
Saxony’s State Office for Environment, Ag-
riculture and Geology. They allowed the of-
fices to determine, for the first time, where 
valuable assets were accumulated, and 
Since April 2015 the town’s mayor, Matthias Berger, has participated in flood preparedness  
exercises, which involve ca. 100 members of the local fire brigade.
During this training exercise, Grimma’s fire brigade also closed one of the new floodgates,  
designed to protect the town from severe flooding in the future.
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€
alpS alpS
RISK ANALYSIS
Risk analysis based on 
high-resolution aerial 
or satellite imagery
Important or sensitive 
types of infrastructure: 
- Electrical power lines
- Water plants
- Retirement homes
- Sewer systems
IDENTIFYING
risks and prioritising 
preventive measures
The list of measures is presented 
to Energie Tyrol or the Climate 
Alliance (Verein Klimabündnis) 
association, who will be respon- 
sible for the measures’ local 
implementation.
The proposed measures are 
assessed by alpS with the 
support of scientific experts
The most important and representative stake-
holders, e.g. the mayor, municipal government, 
volunteer fire brigade, forest rangers, farmers, 
and forest owners, are invited to attend. 
School
OUTCOME ASSESSMENT
TRANSFER
alpS RISK WORKSHOP 
The available imagery is used to identify and 
discuss local risks. To encourage maximum 
participation, the workshops never take longer 
than three hours, and are offered at night.
Workshop in the community
Risks: 
- Mudslides
- Flooding
- Landslides
- Droughts 
which areas were especially vulnerable. An 
analysis after the flood of 2002 revealed 
that, if severe flooding had struck all of Sax-
ony, it would have done an estimated 7.2 bil-
lion euros in damage. Thanks to the risk anal-
ysis, over the following years the authorities 
were able to take targeted measures to 
protect those areas where particularly high 
damage was likely. And their efforts paid off, 
as Uwe Müller relates: “When, in 2013, the 
entire state of Saxony actually was struck by 
floods, the total damage was roughly 2 bil-
lion euros, and not 7.2 billion.”
 Much more than  
 a water-level report 
Uwe Müller and his colleagues simultane-
ously expanded flood protection in Saxony 
at several levels, partly in the form of con-
struction measures like those in Grimma, but 
also and especially in terms of flood warning 
systems. “In 2002, throughout the various 
regions of Saxony, four different offices were 
officially responsible for issuing warnings”, 
says Uwe Müller, “and the warnings and wa-
ter-level reports put out by the media were 
correspondingly confusing and, in some 
cases, simply wrong.” Since 2004 there has 
been a single office, the Saxon Flood Centre 
(Landeshochwasserzentrum), that issues 
warnings. And it, too, profits from the find-
ings of researchers like Reimund Schwarze. 
“We don’t just provide simple water-level 
forecasts when it rains; we provide detailed 
early warnings for each region before the 
first drop of rain ever falls,” says Müller with 
a certain measure of pride. This is possible 
thanks to computational models that draw 
on data from the German Meteorological 
Service, but also include further important 
parameters – e.g. on soil moisture, which 
dictates how much rainwater the soil can 
absorb. Citizens can simply visit the website 
of the flood centre for their home region, 
where the current flood risk is displayed in a 
traffic-light system (red/yellow/green), along 
with the projected water levels. 
 Three strategies: avoid,  
 withstand or adapt 
Needless to say, early warnings can only 
truly help when citizens also know what 
to do next. “In this regard, researchers like 
Reimund Schwarze have made valuable 
inroads by helping instil a degree of risk 
awareness among the local citizens,” Uwe 
Müller says. “Today we’re building on that 
basis in several different projects. People are 
open for the topic and do their part when it 
comes to protecting valuable assets.” As he 
explains, there are essentially three possible 
strategies: firstly, to avoid flooding, e.g. by 
not erecting new buildings in at-risk areas; 
secondly, to construct and install protective 
measures like those in Grimma; and thirdly, 
to adapt. With regard to the third option, Sax-
ony’s State Office for Environment, Agricul-
ture and Geology is currently working closely 
together with engineers who are developing 
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F • Flood damage can be reduced when flood protection measures are based on a previous, comprehensive 
risk analysis. The analysis determines how great the risk is for critical infrastructures or assets with  
historical value. The outcomes can be used to develop targeted measures.
• To help communities survive a flood, solidarity is a vital aspect. Moreover, solidarity is something  
that can be learned – e.g. with emergency drills at regular intervals.
• Various measures can help reduce the damage done by floods. These include computer-assisted early 
warning systems, adapting buildings, and informing the local populace about flood risks and how to 
protect themselves.
Ready for tomorrow
LOOKING AHEAD “I hope that, ten years from now, hazard maps will be consist- ently used throughout Germany and the economically weaker  regions of the EU. Plans for protecting cities and communities  
in at-risk areas have to be prepared together with the local  
populace in order to mitigate the effects of climate change.
REIMUND SCHWARZE 
Environmental economist, Helmholtz Centre for Environmental Research (UFZ)
„
new water-resistant construction materials. 
According to Uwe Müller, one pragmatic solu-
tion is to cover the walls of businesses with 
tiles; following a flood, the mud left behind 
can then be simply hosed off. 
Uwe Müller and Reimund Schwarze both 
agree that the growing risk of floods due 
to climate change can only be effectively 
combated when everyone works together: 
citizens, government offices, and rescue 
services. Several years ago, Austrian re-
searchers and their peers at the University 
of Innsbruck developed a process in which 
risk analyses were used to show communi-
ties what natural hazards could strike them 
and how to protect themselves. Today these 
risk analyses are combined with workshops 
conducted by the company alpS, a private 
spinoff of the University of Innsbruck. As a 
result, more than 300 communities in North 
and South Tyrol have now taken steps to 
prepare for climate change – and not only in 
the form of flooding, but also rockslides, ris-
ing temperatures and prolonged dry spells. In 
Schwarze’s view, it’s an excellent approach 
and “perhaps the best way currently availa-
ble in Europe for communities to prepare for 
future climate-related risks.”
 Extreme events like heavy rain and flooding don’t necessarily have to end in  
 natural catastrophes; with the aid of detailed risk analyses and targeted 
 preventive measures, they can often be avoided. The Austrian planning company 
 alpS is a good example of how this process can be optimally handled. 
I n  P r a c t i c e 
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          The 
Pollutants’ 
                 JourneyTEXT: TIM SCHRÖDER
Nitrogen oxides and other pollutants that are released into the air by automobiles  
or power plants can lead to illness and have a significant influence on our climate.  
This is why there are now various efforts across the country to more accurately  
measure their total concentrations. However, that is no mean feat. By means of a  
complex computer model, the experts from the Forschungszentrum Jülich are  
helping government authorities measure current pollution burden.EMISSION SOURCES
 Transportation  Miscellaneous Emissions from  
 Combustible Fuels 
 Households / Consumers 
 Transportation 
 Measuring Station 
 Transportation 
 Manufacturing 
 Energy Sector 
 Industry 
 Measuring Station 
 Measuring Station 
 Agriculture 
 Waste / Wastewater 
 Transportation 
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that mean we should make some streets 
off-limits for diesels, and if so, which ones? 
And do such measures really make a differ-
ence? This question may seem to be trivial. 
But there aren’t any easy answers, because 
nitrogen oxides and many other air pollu- 
tants don’t always produce effects where 
they are originally released; the wind can 
carry them for kilometres. And in the course 
of their journey, they can undergo chemical 
changes and form new compounds, which 
can be problematic by their own. 
For example, in the densely inhabited Ruhr 
region, one city’s emissions can cause the 
nitrogen oxide levels to climb in a downwind 
city. And when harsh winds blow from the 
east in bitterly cold winters, in some parts 
of Germany the values for nitrogen oxides or 
particulate concentrations can rise, because 
many domestic homes in Eastern Europe are 
still heated with coal. Accordingly, when we 
record the pollutant levels at a given loca-
tion, we need to first determine where those 
pollutants come from, before we can intro-
duce targeted measures to preserve the air 
quality.
 Painstaking data gathering 
One problem is that only very few emitted 
pollutants are measured directly. Measuring 
stations are predominantly located in major 
cities and metropolitan regions – and even 
there, mostly at a handful of sites. Conse-
quently, no one knows exactly how dirty 
the air in Germany is, or to what extent 
pollutants affect the local climate. Hence, 
government authorities have to rely on esti-
mates. They painstakingly gather data on all 
potential sources of pollutants: the number 
of registered vehicles and the sizes of their 
engines; the number of vehicles that use 
certain highway segments; the numbers of 
homes that use gas, oil, and electric heating; 
the pollutants generated by individual indus-
trial plants; and the number of power plants 
and their operating hours. All this data is 
combined to calculate the annual pollutants 
and emissions for specific cities, counties, 
states, and Germany as a whole. These esti-
mates are then published by the State Minis-
tries of the Environment by tables and maps, 
which are referred to as ‘Emission Inven- 
tories’. These inventories are in turn used to 
estimate the level of air pollution for specific 
regions, and what can be done to improve it.
 Not always on target 
Even though these professionally prepared 
estimates draw on a wealth of data, they 
don’t always match with reality, and meas-
urement stations often report different 
pollution levels than those suggested by 
the inventory. “That means that certain 
data or underlying assumptions used in the 
estimates don’t reflect reality,” says 
Dr Hendrik  Elbern from the Forschungszen- 
trum Jülich (FZJ). The meteorologist is a nu- 
merical modelling specialist and has made POLLUTANTS
When it comes to air pollution, right now 
most people in Germany seem to have just 
one topic in mind - the diesel scandal and the 
nitrogen oxides that are emitted e.g. by die-
sel vehicles. Though there are currently de-
bates as to whether the measuring stations 
have been deployed to the right locations, 
and whether or not they produce reliable 
data, the real question is what we can do to 
provide cleaner air in our cities. After all, not 
only can air pollutants and particulates lead 
to health problems; they also influence our 
climate – especially by aerosols, which, de-
pending on their optical characteristics, can 
effect the temperature. 
Of course we would have less air pollution if 
there were fewer cars on the roads. But does 
 PollutantS: Measuring 
Measuring stations record the respective concentrations  
of the most important pollutants. These include gases  
and particulates in the air that can produce harmful effects 
on the environment. What the stations can’t determine: 
where the substances were initially released. Accordingly, 
the sum of all airborne pollutants in a given location is 
referred to as its local immission.
 PollutantS: Emissions 
Air quality is impacted by pollutants from 
various sources. These emissions are 
produced e.g. by transportation, in energy 
production and industrial production, in 
agriculture, and by a host of other activ-
ities. For each type, there is a flow from 
the source to the atmosphere.  PollutantS: Transport 
Once they reach the atmosphere, airborne pollutants are 
diffused, transformed, and often transported elsewhere. This 
continues until they are washed out of the atmosphere by rain, 
until deposition occurs, or until they are chemically broken 
down. Further, the wind often distributes pollutants over large 
areas; as a result, emissions produced in a given city can often 
affect the air quality in neighbouring communities. 
 57R E K L I M56 R E K L I M
to approach the problem from a different 
angle. It uses the values measured at the 
stations, compares them with the data from 
the inventory, and seeks to identify poten-
tial sources of error and deviations. It varies 
certain model parameters, especially those 
that the inventory data is based on, so that 
the inventory ultimately offers a good rep-
resentation of the actual measured values. 
This approach has been previously used in 
the geosciences, but until recently, this type 
of modelling was assumed to be computa-
tionally unfeasible for atmospheric chem-
istry. The reason: more than 100 different 
chemical compounds and types of particu-
lates have to be kept in mind. Nevertheless, 
Hendrik Elbern began developing his model-
ling tool, EURAD-IM: a powerful tool that con-
tains a wealth of information.
 Bearing in mind complex  
 chemical interactions 
A central element of EURAD-IM is the chemi-
cal transport model, a software component 
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F • How many pollutants are released into the atmosphere in Germany are assessed on  
the basis of massive datasets and published in the form of ‘emission inventories’.
• The estimated levels from the inventories do not always match the actual measured  
values, because the latter are influenced by transport and local chemical transformations. 
Mathematical models are now also being used to reconcile these discrepancies.
• Since pollution levels can’t feasibly be measured everywhere, we will continue to  
need reliable estimates in order to gauge the level for the country as a whole and all  
of its regions.
uses the measured value to identify errors 
in the data used to create the inventory. Ac-
cording to Elbern, “Ultimately, our research 
consists in improving the data to such an 
extent that the inventories represent actual 
emissions as accurately as possible.” 
 Supporting the 
 Federal Environment Agency 
Elbern has been working together with 
the Ministry of the Environment in North 
Rhine-Westphalia for the past several years 
in order to optimise the state’s emission in-
ventory. In a new project he is collaborating 
with Germany’s Federal Environment Agency 
(UBA) in Dessau-Roßlau. Over the past few 
years, the UBA has developed the emissions 
model GRETA, which can calculate how high 
the emissions and pollution levels are for 
Germany as a whole. Moreover, GRETA can 
peer into the future and use simulations to 
determine which measures could be used to 
reduce the air pollution at specific sites. But 
even GRETA can profit from Hendrik Elbern’s 
support. “GRETA does very precise work, but 
she doesn’t always get it right,” says Ute 
Dauert, an air-quality assessment expert at 
the UBA. “Using inverse modelling, Mr Elbern 
can compare the data generated by GRETA 
with actual measurements and tell us wher-
ever the two don’t match.” 
Hendrik Elbern has been a part of the 
REKLIM initiative from the outset, because, 
in his eyes, air quality and regional climate 
go hand in hand. Take aerosols for example: 
These compounds, which are suspended in 
the air, are directly emitted in some cases, 
but can also be formed from other gaseous 
pollutants. Further, they can interact with 
sunlight to produce warming or cooling ef-
fects. And conversely, the climate, through 
precipitation or typical air currents, can help 
determine the amount of airborne pollutants 
in a given region. Accordingly, if there’s one 
thing that Hendrik Elbern knows for sure, it’s 
this: air quality is definitely a REKLIM topic. it his goal to find the inconsistencies in the 
system and their causes, so that government 
authorities can more accurately estimate the 
actual air pollution levels in the future.
To do so, Elbern has worked together with 
doctoral candidate Annika Vogel and his 
colleagues Dr Anne Caroline Lange and 
Dr Philipp Franke from the Rhenish Insti- 
tute for Environmental Research at the Uni-
versity of Cologne and the FZJ’s Institute of 
Energy and Climate Research to develop a 
complex computer model specially designed 
 Emission Inventories 
Which pollutants are released into the  
atmosphere in Germany, and in what quantities, 
are estimated based on massive datasets;  
these estimates are published in the form of 
‘emission inventories’. 
 Error Detection  
 with Model 
A computer model compares the values 
recorded at measuring stations with data from 
the emission inventory and identifies systemic 
deviations. By painstakingly assessing the 
inventory’s underlying data, it helps to  
detect and correct sources of error, ensuring 
that the revised inventory ultimately provides  
a faithful representation of the actual  
measured values.
MODELLING
Looking Ahead “Our goal is to represent the cycle of all airborne pollu- tants in our model, and the process to identify the sources of emissions, so that suitable countermeasures can be 
implemented: in terms of both short-term traffic control 
and power-plant management, and of long-term city  
and spatial planning.  
HENDRIK ELBERN
Meteorologist, Forschungszentrum Jülich (FZJ)
„
that includes information on all the chemi-
cal reactions that can affect pollutants 
in the atmosphere. “There are hundreds 
of different reactions that can cause air-
borne pollutants to form or change,” says 
Elbern. Just how complex this interplay is 
can be seen in the example of the chemi-
cal reactions between nitrogen oxides and 
ozone. Ozone especially forms on cloudless 
summer days, when nitrogen oxides bond 
with a plethora of different hydrocarbons, 
some of which are also emitted by plants. 
Accordingly, ozone isn’t directly released 
as an emission, but is instead produced by 
a chain of chemical reactions set off by 
UV light. In turn, especially ozone and nitro-
gen monoxide react with one another in the 
atmosphere, rising the concentration of ni-
trogen dioxide (NO2), which has received a 
great deal of attention thanks to the diesel 
scandal. In other words, the actually record-
ed NO2 concentration can be influenced by 
any number of factors. “Our chemical trans-
port model takes all known of these rela-
tions into account,” explains Elbern. And the 
computer model is of course also supplied 
with extensive meteorological data – on the 
wind direction, humidity, or precipitation, 
which can wash away pollutants. 
Experts refer to the method that Hendrik 
Elbern and his team use in order to clarify 
discrepancies between emission invento-
ries and actually measured values as in-
verse modelling. It is ’inverse’ in that Elbern 
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TEXT: SINA LÖSCHKE
“Three, two, one and … liftoff!” Clouds of dust 
were kicked up, and a blaze of fire filled the 
sky when, on 22 May 2018, a SpaceX Falcon 
9 rocket was launched from Vandenberg Air 
Force Base in California (USA). On board: the 
second-generation version of the ‘Gravity 
Recovery and Climate Experiment’ (GRACE) 
satellite system. And, since this was the sec-
ond GRACE mission, the project managers 
from NASA and Germany’s GeoForschungs- 
Zentrum (GFZ) added the designator ‘FO’ (for 
Follow-On) to its name.
Despite this somewhat unwieldy title, hun-
dreds of climate researchers have pinned 
their hopes on the two GRACE-FO satellites. 
Why? Because the duo can do something 
that terrestrial measuring systems can’t: 
measure the gravity field of the entire planet 
caused by its mass in the course of a month. 
In other words, the satellites continuously 
document mass changes on the Earth, and 
The Greenland Ice Sheet is more than four times the size of Germany, up to 3,100 metres thick and 
stores enough water to raise the sea level by seven metres. Accordingly, the more ice that  
the colossus loses, the more the risk of rising waters in coastal communities increases. But how 
do you measure the weight of an entire ice sheet? The answer: with a spaceborne scale.
especially the redistribution of water be-
tween the oceans, the continents and the ice 
sheets. Consequently, this ‘spaceborne scale’ 
will provide answers to two of the most 
pressing questions in climate research: how 
much ice are the Greenland and the Antarctic 
Ice Sheet losing due to climate change, and 
in which regions of the world is the sea level 
rising as a result? 
One of the researchers who followed the 
launch live on site was Dr Ingo Sasgen from 
the Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research (AWI). 
The 43-year-old has been documenting the 
growth and shrinking of the Greenland Ice 
Sheet since the first GRACE mission (2002-
2017). Yet he still can’t find the right words 
to describe the sheer magnitude of the Ice 
Sheet; comparisons will have to do. 
“The ice sheet and its adjacent glaciers 
would be large enough to swallow not 
only Germany, but France, Spain and Italy, 
all in one go,” says Sasgen. On the sheet’s 
central plain, the peak of the Zugspitze, 
Germany’s highest mountain, would still 
be covered by 300 metres of ice. And if all 
of Greenland’s ice melted at once, the glob-
al sea level would rise by more than seven 
metres, flooding coastal regions around 
the world and destroying the homes of 
countless millions of people – including many 
in Europe.
 Greenland’s ice is melting  
 on the surface 
A glance at the GRACE statistics shows how 
urgent the problem of melting ice on Green-
land already is: since the start of the first 
mission in 2002, the ice sheet and its glaciers 
have lost an average of 286 billion tonnes 
of ice per year. “This loss of mass is chiefly 
due to the fact that the air over Greenland is 
An iceberg that calved from Jakobshavn Glacier is currently drifting in western Greenland’s Ilulissat 
Icefjord. No other Greenland glacier lost as much ice as it did between 2003 and 2016, chiefly due 
to the warm fjord water that gnawed away at its ice tongue for nearly two decades.
On the scale, please!
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When an ice flow runs down a steep drop, it often creates cracks – like the one we see here, in the 79 North Glacier, northeast Greenland.
On 22 May 2018, a SpaceX Falcon 9 rocket was launched from Vandenberg Air Force Base in California, USA, 
successfully placing the GRACE-FO satellite system in orbit 490 kilometres above the Earth’s surface.
warming, causing the intensity and duration 
of the melting season to increase,” says Ingo 
Sasgen. Today, Greenland is losing nearly 
twice as much ice due to melting processes 
on the surface than in the period from 1960 
to 1990. Back then, the gains in and losses 
of ice nearly balanced one another out, but 
the loss of mass due to calving icebergs 
has now increased by roughly 25%. In fact, 
Greenland is now the world’s largest source 
of meltwater: the total annual global sea-lev-
el rise is ca. 3.3 millimetres, of which the loss 
of ice on Greenland is currently contributing 
ca. 0.8 millimetres.
GRACE detected extremely high melting 
rates in the summer of 2012, when un-
usually warm air and a sustained period 
characterised by cloudless skies produced 
melting on no less than 97 percent of the 
Greenland Ice Sheet’s surface area. In the 
month of July 2012 alone, the ice sheet lost 
between 400 and 500 billion tonnes of ice, 
which led to a global sea-level rise of more 
than one millimetre. “We would never have 
been able to quantify these changes with-
out GRACE: the 18 snow and ice monitoring 
stations on Greenland simply can’t cover 
the entire ice sheet. GRACE is the only 
instrument that allows us to make such 
accurate long-term observations and month-
ly comparisons for the ice sheet as a whole,” 
says Ingo Sasgen. 
Much to the researchers’ surprise, the sum-
mer of 2012 was followed by a cold year in 
which the total amount of new snow nearly 
compensated for the loss of ice from melting 
and calving. “The trend since 1990 is clear – 
Greenland is warming, and losing more and 
more ice. Yet the GRACE data also shows 
that the ice sheet’s mass balance can vary 
considerably. From extreme melting to years 
with plenty of snowfall and little melting; 
anything’s possible,” the researcher explains. 
 The best of both worlds 
In order to determine in which regions the 
Greenland Ice Sheet is shrinking most rap-
idly, Ingo Sasgen will combine the GRACE 
gravity-field data with radar data from the 
ESA satellite CryoSat-2. It measures changes 
in the surface elevation of the Greenland Ice 
Sheet at a resolution of typically five kilo-
metres and can, unlike GRACE (which has a 
resolution of only 400 kilometres), portray 
individual glacier systems. “We basically take 
the best aspects of both datasets and ‘marry’ 
them, so that we can identify regional differ-
ences,” says Sasgen. The goal of this REKLIM 
project is to create a map of the Greenland 
Ice Sheet that shows in high resolution how 
the ice masses are changing, and how the 
ice-loss zones have expanded over time. 
This optimised dataset will also help to 
refine climate and ice sheet models. Before 
A large mass before the first 
satellite causes it to 
accelerate. 
While flying over the object, 
its gravitational pull slows 
the first satellite and 
accelerates the second.
Once it passes the object, the 
second satellite is also 
slowed, and both satellites 
return to their initial 
speed.
The distance increases
again
The distance decreases
The distance to the second satellite increases.
In this way, GRACE can identify land, 
ice and water masses, and can 
therefore gauge how ‘full’ an ocean is.
Though the twin
 satellites 
fly separated by
 200 km a 
range detector c
an measure 
their distance va
riations accurat
e 
to a thousandth
 of a millimeter.
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GRACE, researchers had to rely on the 
handful of scattered readings provided by 
Greenland’s snow and ice measuring sta- 
tions to calibrate their climate models. Yet 
there was no guarantee that the models 
also correctly calculated the mass balance. 
Today they can easily compare their models’ 
findings with the GRACE data to check their 
quality. As Sasgen underscores, “It’s ex-
tremely important that we know exactly how 
much ice Greenland is losing. We won’t be 
able to precisely forecast the future of the 
ice sheet and the sea level until we can accu-
rately depict these loss rates in our models.” 
 A question of attraction 
Using GRACE to determine the increase in 
water mass in the ocean and the related 
sea-level rise, is considerably more difficult 
than measuring the weight of the ice sheet, 
for two main reasons. First of all, Greenland’s 
meltwater is spread across the entire ocean, 
which has an area 200 times the size of 
the ice sheet. Consequently, the mass sig-
nal is so small that it’s barely detectable for 
GRACE. Secondly, the extent of water-level 
rise on a coastline is determined by three 
factors: 1) the amount of additional water; 2) 
expansion of the water due to warming, and 
3) the degree to which the land rises or sinks. 
According to Ingo Sasgen, “GRACE measures 
mass changes in the ocean to tell us where 
the ice sheet’s meltwater is flowing to, and 
how much water is accumulating on the 
coasts. If we then combine that data with 
satellite-based measurements of changes in 
the height of the ocean, and with the tem-
perature data from autonomous, deep-sea 
measuring systems, it produces a compre-
hensive image of global sea-level rise. How-
ever, extending these data from the open 
ocean towards the coast remains a challeng-
ing task, we would like to tackle in REKLIM in 
A meltwater stream snakes its way across the Greenland Ice Sheet. To date, there has only been sufficient surface melting for 
pond and stream formation on the fringes of Greenland; as global warming progresses, it will likely also spread to the centre.
 Meltwater inflow 
When glaciers and ice sheets melt, the meltwater flows from the land out to sea,  
adding tremendous quantities of additional water. Ice loss in Greenland and  
the Antarctic now accounts for one third of global sea-level rise; another third  
is contributed by dwindling alpine glaciers. 
 Thermal expansion 
When water grows warmer, it expands, and consequently takes up more room than  
before. The same holds true for our oceans. At the moment, thermal expansion there  
is responsible for a third of global sea-level rise – and that trend will continue. Why?  
Because climate change is especially warming the oceans. 
 Land sinking 
Substantial water-level rise is currently being reported in coastal regions throughout  
North America and Europe that were located at the margins of large ice sheets  
during the last glacial period. Back then the ice essentially lifted up these regions;  
they have been gradually sinking ever since, worsening sea-level rise in  
some cases.
Three 
types 
of 
sea-
level 
rise 
Whether an ice sheet grows or shrinks depends on how much snow falls in winter, how much of  
that snow melts in the summer, and how much ice is lost due to calving events. The mass balance  
of the Greenland Ice Sheet for the past 16 years is extremely negative – especially because the  
melting on its surface has intensified.
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DR ANDREAS WURPTS 
heads the Coastal Research 
Station, part of the Lower 
Saxony Water Management, 
Coastal Defence and  
Nature Conservation Agency 
(NLWKN), which  
has facilities in Norden  
and on Norderney.
 The water levels along the coast of Lower Saxony are clearly  
 rising, but not at the same rate everywhere. The coastal  
 protection expert Dr Andreas Wurpts explains why the  
 actual amount of sea-level rise is so hard to determine,  
 and the relevance of research for coastal protection. 
26 centimetres in 
100 years  
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ence data from GRACE-FO, which the satel- 
lites have been gathered in the control 
center in Oberpfaffenhofen since June 2018. 
Based on the new findings, Sasgen and a 
fellow researcher at the AWI plan to devel-
op a statistical method for predicting future 
changes in Greenland’s ice mass balance. A 
similar approach has worked well for Arctic 
sea ice. GRACE-FO will provide the required 
data and – if everything goes as planned –
keep a close eye on the gravity fields of the 
ice sheet and oceans for the next ten years.
future.” In a nutshell, the current situation is 
as follows: when the ice on Greenland melts, 
the overall sea level initially rises, because 
there is more water in the ocean. But over 
time, Earth’s gravity redistributes these 
water masses. In other words, regions with 
a weaker gravitational field and therefore 
less attractive force end up with less water; 
those with a stronger field end up with more. 
“And since both Greenland and the Antarc-
tic are losing mass, and with it, attractive 
force, the water is especially collecting in the 
mid-latitudes,” Sasgen says. “So the changes 
in the polar regions have the greatest effects 
on those of us here in the mid-latitudes.” 
He’s now anxiously waiting for the first sci-
• Thanks to the satellite GRACE and its successor GRACE-FO, the movements of 
water across the Earth, and therefore the expansion and retreat of ice sheets, 
can be precisely tracked.
• The Greenland Ice Sheet and its glaciers are losing an average of 286 billion 
tonnes of ice per year, and substantially contributing to sea-level rise.
• The GRACE data can also help determine where the sea level is rising  
the most - which is currently in the mid-latitudes.
Meltwater flowing from underneath Russell Glacier. The water predominantly comes from ponds that formed  
on the glacier’s surface, and subsequently drained into cracks in the ice.
  How much has the sea level along 
Lower Saxony’s coast risen to date?
Andreas Wurpts: It’s extremely difficult to 
answer that question with just one figure, 
because the development of measured sea 
levels along the North Sea coast can vary 
substantially from one monitoring station to 
another. Here on the Wadden Island Norder-
ney, where the sea level has been measured 
for over 120 years, the mean high tide is 
roughly 26 centimetres higher than it was 
100 years ago; in contrast, the low tide has 
only risen 13 centimetres. By way of compa-
rison: on offshore-island Helgoland the level 
has risen 21 centimetres per century; in the 
coastal city Wilhelmshaven, 29 centimetres; 
and on Wadden Island Wangerooge, 31 
centimetres – which of course raises  
the question: where do these differences 
come from? 
  Do you have an explanation  
for them?
There is an on-going collaborative research 
project, in which we’re seeking to use  
models and statistics to explain the  
differences, and to determine how large  
the actual sea-level rise is. For one thing, 
water levels on the North Sea coast are 
influenced by the wind. Depending on the 
weather conditions, the wind either pushes 
the water into our coasts or away from 
them. For another, we know that our coastal 
regions are sinking – and at a scale that can’t 
be ignored. In addition, the tide dynamics 
have been changed by the estuaries for 
shipping, which have been made deeper  
and straightened over the years. The 
different rates at which the low-tide and 
high-tide water levels are rising can be 
explained in part by the fact that, because 
of the changed water depths, the tidal  
wave now spreads out differently.  
  How much advance warning do y 
ou need regarding sea-level rise in order 
to stock up the levees in time?
The technique we use to calculate the  
required levee height in Lower Saxony is 
based on actual measured values, which  
we constantly monitor, and assess every  
10 years. Important parameters include  
e.g. the mean high-tide level for the past 
five years, and the highest storm surge 
water level recorded to date. If the sea-level 
rises, the mean high-tide level does, too;  
as a result, the water-level rise is automati-
cally reflected in the levee-height calcula-
tion. In addition, since we now know that  
the sea-level rise will accelerate, we can 
add another 50 centimetres per century – 
twice the rate we’re currently observing –  
to account for the effects. In this way, 
we arrive at a minimum levee height that 
should theoretically provide safety for  
the next 100 years. 
  Do you nevertheless keep up with 
the latest research findings published  
on sea-level rise?
That’s one of our core responsibilities at 
the NLWKN’s Coastal Research Station. We 
gather the scientific data, constantly work 
to optimise our analytical methods, and pre-
pare all application-relevant findings so that 
administrators can use them. In addition, 
we work intensively with other experts in 
collaborative research projects and maintain 
close ties e.g. to the North German Climate 
Office and the researchers at the Helmholtz 
Centre for Materials and Coastal Research in 
Geesthacht. These collaborations are very 
important to us for a variety of reasons: 
for example, in order to incorporate the 
latest research findings into administrative 
actions in a timely and focused manner. And 
my hope is that, through these joint efforts, 
researchers also gain a better understan-
ding of administrators’ concrete needs. 
„
LOOKING AHEAD
I hope to use GRACE to investigate when the ice-mass  
losses on Greenland and in the Antarctic are nearing a ‘point  
of no return’ in terms of melting, no matter how the climate 
changes afterwards. Identifying these tipping points is ex- 
tremely important, particularly when it comes to sea-level rise. 
INGO SASGEN
Geophysicist, Alfred Wegener Institute, 
Helmholtz Centre for Polar and Marine Research (AWI)
“ I N  P R A C T I C E
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 North sea island 
 Major City 
 What people think about climate change and  
 how they relate to it depends largely on where  
 they live. Social scientists from REKLIM have  
 asked people in a variety of places how urgent  
 they personally consider the climate problem  
 to be. Responses varied considerably. 
A Matter 
of Perspective
 Climate type 1:  
The Communitarians
People who belong to this climate type focus on their 
responsibility to the world around them. In their eyes,  
climate change is a systemic flaw in society that will 
place unfair burdens on future generations. Accordingly, 
they believe taking immediate action is essential. 
 Climate type 2: 
The Systems Thinkers 
They view climate change as one of several systemic  
flaws in society and are in favour of addressing other  
global problems, e.g. hunger, first. Climate change –  
in their view – is caused by western standards of living.  
When it comes to climate change, they feel action  
should only be taken in the medium term. 
 Climate type 3:  
The Economists 
Their standpoint is that we shouldn’t wait  
for unequivocal scientific proof of climate  
change: we need to act now. Economic 
incentives such as taxes on oil or carbon 
dioxide will help reduce emissions.
 Climate type 4: 
The Sceptics 
They argue that anthropogenic climate change  
still hasn’t been scientifically proven, and that  
climate research isn’t sufficiently precise. In  
their opinion, investing in climate protection or  
adaptation measures is a waste of money.
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INTERVIEW: SINA LÖSCHKE
History teaches us: the Earth’s climate can suddenly ‘tip’, causing it to grow far cooler or far  
warmer in just a short time.  The REKLIM climate experts  Achim Brauer and Ralf Tiedemann  are  
currently investigating the likelihood of an abrupt climate change, and what set off such  
changes in the past. A discussion about new findings that cast an uncertain light on our future.
  Mr Tiedemann, Mr Brauer: Earth’s 
climate history holds its fair share of 
surprises: there were more than twenty 
sudden, dramatic warming phases in  
the last glacial period alone. How quickly 
did the climate change back then, and 
are we currently experiencing a similarly 
rapid change?
Ralf Tiedemann: It’s difficult to compare 
current developments with the climate 
variations back then, because the abrupt 
climate changes 10,000 to 50,000 years 
ago took place in just a few decades. For 
example, we know, thanks to climate data 
gleaned from ice cores, that during these 
phases the atmospheric temperature  
over Greenland rose by 8 to 10 degrees 
and precipitation conditions. According to 
the data, sudden climate changes especially 
took place during the transitional phases  
between glacial and interglacial periods. 
These always came about when changes 
in orbital parameters caused the amount 
of sunlight reaching Earth to rise or fall. 
This gradually produced widespread effects 
that destabilised the climate system and 
increased the probability of abrupt changes. 
Ralf Tiedemann: Thanks to massive  
emissions of carbon dioxide and other 
greenhouse gases, we human beings have 
artificially initiated such a transitional 
phase. The climate is growing warmer and 
warmer, making it less stable and more 
susceptible to abrupt climate changes. 
Celsius in only one to three decades, and 
in some cases in just a handful of years. 
Temperatures over Europe rose by 4 to 5 
degrees Celsius. Once the respective phases 
were over, it took several centuries before 
the atmosphere cooled back down to  
normal levels for glacial periods. 
Achim Brauer: Needless to say, we’re not 
currently observing any temperature chang-
es on that scale. Over the past 120 years, 
the Earth has grown one degree warmer. 
That being said, the warming trend isn’t the 
same everywhere: the Arctic, for example, 
is warming twice as quickly as the rest of 
the world. And we can see similar regional 
differences in the climate data from the 
past. Even if we’re not currently witnessing 
a temperature rise in Greenland to match 
the abrupt changes of the distant past,  
our climate history indicates that the 
manmade, gradual global warming makes 
sudden climate changes more likely.
  That’s a fairly troubling  
statement; what made you come to  
that conclusion?
Achim Brauer: What we know about the 
past climate is based on ice cores from 
Greenland, and from sediment cores that we 
collected in various ocean regions and in  
lakes throughout Europe. We also investi-
gated the growth rings from fossilised trees. 
These climate archives allow us, for exam-
ple, to reconstruct past temperature levels 
  What factors set off these  
changes in the past?
Ralf Tiedemann: There wasn’t usually  
just one cause, but an entire cascade of 
causes. 
Achim Brauer: In the context of REKLIM, 
we’ve especially investigated the sudden 
beginning of the cold phase roughly  
12,700 years ago. It produced far colder 
winters in Europe, continued for 1,100 
years, and came at the end of the last  
glacial period, a time when the climate was  
gradually warming. Who or what set off the 
cold phase still remains unclear. However, 
in our studies, we came to the conclusion 
that the sea ice in the Northern Hemisphere 
played an important part. Its winter extent, 
from the Arctic Ocean to the 50th parallel 
north, that is, roughly at the latitude of 
Frankfurt am Main, influenced the circu-
lation of air masses over the Northern 
Hemisphere. That’s because, wherever it’s 
covered by sea ice, the water can’t effec-
tively pass on its heat to the atmosphere. 
Ralf Tiedemann: A second mechanism 
that may have been important back then 
was the change in the currents of the North 
Atlantic, especially the weakening of the 
North Atlantic Current, also known as the 
Gulf Stream. Today it transports the majority 
of the warmth to the northern Atlantic 
region that accounts for the mild climate in 
Northern Europe. But back then, the heat 
transport broke down, which most likely 
LOOKING 
FOR TRIGGER PROF RALF TIEDEMANN is a geologist at the Alfred Wegener Institute, Helmholtz Centre for 
Polar and Marine Research, and has 
specialised in reconstructing climate 
history with the aid of ice cores and 
sediment cores from the oceans. 
What he finds exciting about REKLIM 
is that the initiative “has brought 
together leading researchers who 
work in various regions throughout 
the Northern Hemisphere, which has 
made it possible for the first time to 
comprehensively compare climate 
data from Greenland, Europe, the 
Atlantic and the North Pacific.”
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  Let me ask you directly: how likely 
is a major climate change?
Ralf Tiedemann: Before human beings 
made lasting changes to the environment, 
atmospheric carbon dioxide concentra-
tions varied between 180 and 280 parts 
per million (ppm). This range represented 
the difference between a cold phase and 
warm phase, and even small changes in the 
concentration were enough to set off major 
temperature changes. Today the level is 
roughly 410 ppm. In other words, in a very 
short time we have rapidly increased the 
concentration of greenhouse gases, and in 
the process we may very well have  
exceeded certain thresholds in the climate 
system; moreover, we still don’t know  
exactly where those limits lie. Accordingly,  
we can’t answer the questions of how  
and when we exceeded them, either.
  Can the research work you’re  
engaged in deliver more certainty?
Achim Brauer: In the course of ten years 
working with REKLIM, we’ve truly made 
significant methodological advances. For 
example, we can now synchronise the 
various climate archives from Greenland and 
Europe, down to a single year. To do so, we 
use minuscule traces of ash from volcanic 
eruptions on Iceland, which we can find in 
all climate archives. They help us precisely 
date the samples, so that we can compare 
sediments or ice samples of the same age. 
In this way, we can explore the state of 
various climate components at a given point 
in time. How warm was it back then? What 
were the ocean currents like, and how did 
the air masses circulate? These are central 
questions, which we can now tackle.
  Did the initial comparisons yield  
any unexpected outcomes?
Achim Brauer: It surprised me that the 
abrupt cool-down 12,700 years ago can be 
seen in the ice cores from Greenland  
170 earlier than in the sediment samples 
from Europe. That serves to confirm a 
pattern we continue to see today: climate 
changes first manifest in the polar regions, 
and can only be felt in the middle latitudes 
several decades later. Using our climate 
data, we can now not only describe the 
regional differences in past climate changes; 
we can also trace how quickly the changes 
spread over the Northern Hemisphere. 
Ralf Tiedemann: We discovered an equally 
revealing pattern when we compared the 
reconstructed temperature data from  
the North Pacific and the North Atlantic. 
The data indicated that climate signals from 
the North Atlantic near Greenland were 
transferred to the northern Pacific region: 
for example, when the overturning of water 
masses in the North Atlantic intensified, 
less intermediate water was produced in  
the North Pacific, and vice versa.
Achim Brauer: We now know that abrupt 
climate changes affected the entire planet, 
but not in the same way everywhere; in 
fact, the changes didn’t even happen at the 
same time. They varied in terms of their 
amplitudes and characteristics, making them 
different for every region. Over the next 
several years, the goal will be to investigate 
these regional impacts in more detail.
  Dwindling sea ice in the Arctic, 
oxygen-poor water in the Pacific, and a 
weakening Gulf Stream: these contempo-
rary observations are reminiscent of the 
past climate changes you’ve investigated. 
But how exactly does understanding 
historical climate variations help us deal 
with today’s climate change? 
Achim Brauer: First of all, it makes us more 
aware of the fact that extremely rapid  
climate changes are a reality; secondly, 
thanks to our research we now have a much  
better grasp of which interactions occur 
when the climate begins to change. For  
example, will the Earth’s surface and the 
vegetation change? Will we see more 
erosion, or more extreme weather events? 
We can use data from the past to arrive at 
answers to these questions, which gives  
us a better idea of what changes are to  
be expected if it comes to abrupt tempera-
ture changes in the future.
  What could happen in the  
worst-case scenario; could you give us  
an example?
Achim Brauer: Northern Germany offers  
a representative example. We’ve determined 
that, during the sudden warming phases 
roughly 11,000 years ago, the water level 
in northern Germany’s lakes was eight to 
nine metres lower than today. Many readers 
may remember the pictures in the news-
papers from the extremely dry summer of 
2018, when the water levels in the same 
lakes sank by two to three metres. Yet our 
climate data indicates that a rapid warming 
would entail far more drastic water losses; 
this would very likely be accompanied by 
dramatic changes to the vegetation. 
Ralf Tiedemann: That being said, we 
should recall that the changes that took 
place in Europe in the remote past can’t  
be applied to today’s Europe one-to-one. 
But in our studies, we observe systems that 
were untouched by humankind, and the 
changes were already massive; today we 
live in a world that has been significantly 
influenced by human beings, and one  
that is far more vulnerable – especially to  
sudden climate variations.
oxygen-rich water from the surface to the 
ocean’s depths. The only source of oxygen 
for this massive region is the Sea of Okhotsk 
– a marginal sea of the North Pacific located 
between Kamchatka, Japan and the Russian 
mainland. If sea ice forms there in winter, 
the salinity of the water masses below 
the ice rises due to settling brine, which in 
turn increases their density. The cold and 
oxygen-rich water masses become heavier, 
sink, and flow from the Sea of Okhotsk to 
the North Pacific, where they supply oxygen 
for water masses at intermediate depths  
all the way to the Equator. 
Achim Brauer: But in the past, this mecha-
nism was the exception and not the rule, as 
our research for REKLIM has revealed.
Ralf Tiedemann: That’s right; if we turn 
back the clock roughly 6,000 years, we  
can see that back then, the ventilation  
of the North Pacific was drastically reduced; 
no more ice formed in the Sea of Okhotsk. 
During this phase, the Pacific Ocean  
literally ran out of oxygen. In the course  
of modern climate change, we’re likely to 
see this trend repeat itself. Oceanographic 
readings already show that the oxygen  
content of the intermediate water is 
declining, while its temperature is on the 
rise. We run the risk of a widespread oxygen 
shortage, which would have grave  
consequences for organic communities in 
the North Pacific, and ultimately, for the 
fishing industry.
explains why the cold phase continued for 
so long. 
  That makes it sound like, when it 
comes to the climate, sea ice can tip the 
scales? 
Ralf Tiedemann: Yes, and that’s true for 
the weather in Europe, but also and even 
more so for the ventilation of the North 
Pacific. In this regard it’s important to bear 
in mind that the Pacific Ocean is home to 
the world’s largest oxygen minimum zones, 
which are expected to expand in response 
to climate change. At the moment, a stable 
layer of low-salinity surface water prevents 
the circulation of water masses in the 
North Pacific, and with it, the transport of 
• In the past, transitional phases between glacial and interglacial periods  
were repeatedly characterised by sudden climate changes, during which  
the Earth rapidly warmed or cooled.
• Through the enormous emissions of greenhouse gases, human beings  
have artificially initiated a new transitional phase. Consequently, the  
likelihood of the climate suddenly ‘tipping’ is currently rising.
• In this context, Arctic sea ice plays a pivotal role: whenever it dwindled  
or spread extensively in the past, it produced fundamental changes in  
the Earth’s climate.
PROF ACHIM BRAUER 
is a geologist at the Helmholtz 
Centre Potsdam - German Research 
Centre for Geosciences (GFZ). The 
basis of his climate reconstructions 
chiefly consists in continental archives 
like lake sediments or growth rings. 
During his work with REKLIM, he has 
learned “to always bear in mind the 
influence of the oceans when inter-
preting continental climate data.”
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Hailstorms aren’t just a threat to car owners: the clumps of ice,  
which can reach tennis-ball size, can also damage roofs, house fronts,  
solar panels, greenhouses and crops.
TEXT: TIM SCHRÖDER
 Severe hailstorms frequently cause enormous amounts of damage  
 in Germany. But where, when and why hail falls from the sky  
 still remain poorly understood aspects. Accordingly, stakeholders  
 like insurers want to be better informed about hail-related  
 risks. REKLIM researchers in Karlsruhe have now estimated the  
 hail risk from different datasets and investigated how the likelihood  
 of hailstorms is being affected by climate change. 
For the residents of Reutlingen, it felt 
like they were being bombarded. On 28 July 
2013 a severe thunderstorm swept over the 
city, raining down golf-ball-sized and tennis-
ball-sized hailstones on the city and neigh-
bouring towns. The clumps of ice shattered 
roof shingles, house fronts, greenhouses and 
solar panels, and dented cars. In the fields, 
they battered the crops. 
Though the hailstorm lasted just a few min-
utes, the damage was immense, with more 
than one billion euros in insured losses. Yet, 
despite hail’s destructive potential, it has 
long been overlooked in Germany. In addi-
tion, hail normally affects only very small 
areas, since thunderstorms usually have a 
diameter of roughly ten kilometres. But hail, 
as the example from Reutlingen shows, is a 
serious risk. In Germany and in Europe, hail 
is responsible for around 40 percent of the 
insured losses from natural catastrophes, 
putting it on par with the losses produced by 
winter storms (43 percent). 
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del developed by Michael Kunz and his team 
supplies us with the information we need.” 
 
 Computational model 
 compensations for lack of data 
More precisely, Dr Manuel Schmidberger, 
who wrote his PhD on the topic under the 
supervision of Michael Kunz, uses data from 
the German Meteorological Service’s radar 
stations; spread across Germany, they record 
all precipitation, including hail. Since radar 
data has only been archived since 2005, the 
timeframe is too short to draw reliable con-
clusions regarding the frequency and inten-
sity of hailstorms. Nevertheless, the availa-
 More hailstorms in the 
 southwest 
This map of Germany shows the total number of 
summer days with hailstorms from 2005 to 2018, 
and indicates that it hails much more often in south-
west Germany than in the north or northeast.  
The explanation: in addition to its warmer climate, 
the region is home to mountain ranges like the 
Black Forest and Spessart, and storms often form  
on the lee side of these ranges.
 Knowledge gap regarding hail 
In 2010 the meteorologist Prof Michael 
Kunz began developing methods suitable 
for estimating hail hazards and related risks. 
Today he and his colleagues at the Karlsru-
he Institute of Technology (KIT) can in fact 
say with considerable reliability where and 
how frequently severe hailstorms occur. In 
this regard, the experts have developed a 
corresponding hazard and damage model. 
Kunz’s work is also interesting for insurers. 
“Hail isn’t measured by conventional ground-
based meteorological stations, unlike tem-
perature or precipitation,” Kunz explains. As 
a result, when it comes to hail, the concrete 
data that is urgently needed is very hard to 
come by. 
 Essential data for insurers 
Insurance companies need to know, for ex-
ample, how much damage a so-called ‘one in 
two hundred year event’ can cause. These 
extreme events, statistically speaking, only 
occur once every 200 years. According to a 
European Union regulation, the Solvency II 
Directive, insurance companies must be ca-
pable of covering losses from 1:200 events 
using their own resources or through rein-
surance policies. “When we know how often 
hailstorms are likely to hit a given region, 
we can then combine that information with 
maps of the local buildings to estimate the 
maximum potential damage,” says Dr Klaus 
Zehner, Deputy Chairman of the Board of the 
SV Sparkassen Insurance (Sparkassenversi- 
cherung) in Stuttgart. “The hail damage mo-
ble data can be comprehensively analysed. 
First, the computer is ‘fed’ the data on actual 
hailstorm events in Germany. These events 
are then stochastically simulated over a long 
period of time – e.g., over 10,000 years – and 
thus multiplied. The computer model can 
then calculate how often these events occur, 
where they propagate and how severe they 
can be. As Michael Kunz explains: “On the ba-
sis of real events, the computer synthesises 
new ones, which it distributes over several 
thousand years. That gives us a wealth of 
synthetic events, which allows us to esti-
mate the hail hazard at each grid point in 
Germany – regardless of whether this point 
has been affected in the past or not. Here the 
most important aspect is that the synthetic 
hailstorms do not modify the observed hail 
climatology.”
In the insurance sector, stochastic simulation 
is a tried and proven tool for estimating the 
frequency and scale of damaging events that 
occur only rarely. “With the help of the hail 
model, we’re now able to estimate the width, 
length and form of the hailstorm tracks in 
both Germany and France,” says Kunz. As 
such, the computational model delivers the 
information insurance companies need in 
order to assess the consequences for their 
portfolio of insured assets. In addition to 
 From small to fist-sized  
On 6 August 2013, a hailstone measuring  
14.1 centimetres in diameter fell from the  
sky in the town of Undingen, Swabian Jura. 
But such huge hailstones are an exception 
to the rule; in roughly half of all hailstorms
in Germany, the stones are only one to  
two centimetres in diameter. 
 Largest hailstone:  
 14.1 cm diameter 
 Average size:  
 ca. 2 cm diameter 
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     Berlin 
München
      Hamburg 
      Wiesbaden 
      Mainz 
      Stuttgart
Hail Formation in Storm Clouds
Cloud
droplets
Ice particles liquid water (T < 0°C) 
DO
W
ND
RA
FT
Hail formation
Hail
growth
Cutting open 
a hailstone 
reveals the 
alternating rings 
produced by 
different types 
of growth.
(at hail embryo)
the typical 
shape of 
hail clouds
UP
DR
AF
T
Soft hail
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Liquid water accumulates on 
the hailstone and freezes, 
releasing heat in 
the process. 
In the updraft within the cloud, 
differences in temperature and 
droplet concentration 
determine the structure of 
hailstone.
If the surface temperature 
remains below 0°C, when the 
hailstone comes in contact 
with liquid water, pockets of 
air are trapped below the 
outer layer that forms, giving 
it a translucent, milky 
appearance.
A homogenous, transparent 
outer layer is formed.
The surface of the hailstone 
partially thaws, allowing liquid 
water to penetrate its pores.
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 Tallying up the  
 damage 
According to data from  
the Munich Reinsurance 
Company, severe storms 
accompanied by lightning, 
hail, gale-force winds and 
flash floods are doing 
more and more damage in 
Germany. On the one hand, 
this is due to the growing 
frequency of extreme  
weather events; on the 
other, buildings, vehicles 
and infrastructures are  
often more susceptible  
to damage. 
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LOOKING AHEAD
In Germany, favourable conditions for storms are often influenced  
by large-scale flow mechanisms in the atmosphere and by teleconnec-
tions. Ten years from now, we hope to understand this interplay suffi-
ciently to make more reliable statements on changes and trends in  
storm frequency, and to more precisely determine the probability of hail.
MICHAEL KUNZ 
Meteorologist, Karlsruhe Institute of Technology (KIT)
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F • Hailstorms are isolated events, their formation is nearly impossible to predict, 
and they can cause tremendous damage. Meteorologists have now identified 
which regions of Germany are most prone to hailstorms.
• New computational models allow us to reliably estimate hail damage and risk. 
• Climate simulations prepared by the REKLIM network indicate that, due  
to climate change, the frequency of thunderstorms has increased and is  
expected to increase further - throughout Germany, and especially in  
the southwest.
the Sparkassen Insurance, today many other 
companies also rely on similar data produced 
in Karlsruhe. 
 Hotspot: the lee side  
 of mountain ranges 
The results of the hail analyses also show 
other interesting things: for example, hail-
storms predominantly occur in the compar-
atively warm southwest corner of Germany 
– especially on the lee side of mountain rang-
es like the Black Forest. The warm and moist 
air masses from the southwest usually flow 
around the Black Forest to the east and west. 
On the lee side of the mountain range, they 
collide with one another, leading to vertical 
lifting. When this happens, there is a great-
er likelihood of hailstorms, which means a 
higher hazard and risk for local residents and 
insurers. According to Klaus Zehner, “Michael 
Kunz’s efforts have bridged the gap between 
research and business. In my opinion, this 
is an excellent example of how science can 
shape practice.” 
 Prediction not yet possible 
As such, the regions most prone to hail are 
now known – at least over a long-term peri-
od. But even the experts in Karlsruhe can’t 
say where exactly an individual hailstorm is 
most likely to occur. A piece of information 
that would be extremely valuable for var-
ious users: if a thunderstorm just misses a 
given city and hits, for example, a marshland 
area instead, the damage will be substan-
tially lower. As Kunz explains, “Hailstorms 
are more or less selective events. However, 
We know that hail is produced in anvil-shaped storm clouds like this one. However, given the complex physical  
processes involved in their formation, we are still unable to predict hailstorms with pinpoint accuracy. 
the prediction of thunderstorms is very inac-
curate due to the complex physics and the 
large number of processes involved. As such, 
the exact spot where damage is expected to 
be highest can’t realistically be predicted.”
In the REKLIM network, Michael Kunz and 
his team also explored the question of how 
the number of storms has changed in the 
past due to climate change. To do so, they 
used climate data provided by the Helmholtz 
Centre for Materials and Coastal Research in 
Geesthacht (HZG). The experts at the HZG 
are using their coastDat program to model 
the climate in Europe in high resolution. The 
coastDat simulations provide Michael Kunz 
information on the atmosphere’s vertical 
moisture, temperature, and wind profiles 
during the last 50 years, the main parame-
ters that determine whether or not a storm is 
formed and its severity. The less stable the 
stratification of the atmosphere is, the high-
er the likelihood that the cumulus clouds will 
develop into a storm. “In the coastDat data 
we’ve analysed so far, we can see a rise in 
the frequency of favourable conditions for 
thunderstorms in Germany, especially in the 
southwest,” says Kunz. In addition, for the 
future additional analyses of regional cli-
mate models using similar methods show an 
increase in the probability of thunderstorms. 
Yet it remains unclear how often these con-
ditions will actually produce hailstorms, be-
cause the data from the climate models does 
not provide insights into the complex physi-
cal processes within clouds that lead to hail 
formation. Nevertheless, the trend is clear: 
more storms mean a higher risk of hailstorms. 
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Facts, figures, and food for thought
• meereisportal.de  
Daily updated maps, mo
nthly analyses, and exp
la- 
natory background artic
les on the evolution of  
sea ice in the Arctic and
 Antarctic – an informati
on  
and data portal provided
 by the Climate Office fo
r  
Polar Regions and Sea L
evel Rise, REKLIM and  
the University of Breme
n.  
• The ‘Your Climate’ app - available
 at the App Store 
Which parts of Karlsruh
e are essential to the ci
ty’s 
climate? In the app, the
 South German Climate 
 
Office highlights them, 
and encourages users to
  
try viewing the city in a
 different light. 
• Regional Climate Atlas  
(regionaler-klimaatlas.d
e)  
Offers information on th
e current state of resea
rch  
regarding future climate
 change in Germany as a
 
whole, and in individual
 federal states – a joint p
roject 
of the four regional Hel
mholtz Climate Offices. 
• Drought Monitor  
(bit.ly/Duerremonitor)  
Information on soil mois
ture throughout German
y,  
updated daily – a service
 provided by the Climate
 
Office for Central Germa
ny. 
Expand your climate know-how with the best information products  
from REKLIM and its partners. All are available free of charge! 
 
The latest climate find
ings online   
How quickly is the sea l
evel rising on the 
North Sea? How has Ge
rmany’s climate 
evolved, and how will it
 change in the fu-
ture? The answers to th
ese and many other  
climate-related question
s can be found on 
the online platforms pro
vided by the four 
Helmholtz Climate Offic
es that support 
REKLIM’s dialogue with
 society. 
• North German Climate Monitor 
(norddeutscher-klimamo
nitor.de)  
Offers information on ch
anges in the North Germ
an 
climate since 1951, a pl
atform jointly operated 
by the North German Cl
imate Office and Germa
- 
ny’s National Meteorolo
gical Service. 
• Coastal Protection Requirements
: 
North Sea & Baltic Sea
  
(kuestenschutzbedarf.d
e)  
Interactive maps show w
hich regions of Germany
’s  
North Sea and Baltic Se
a coasts have already  
implemented measures
 to protect themselves  
from storm surges, and 
which additional region
s  
will likely require such m
easures by the  
end of the 21st century
 – an information service
 
provided by the North G
erman Climate Office.  
Questions and answers
 on the 
latest Assessment Rep
ort 
The Assessment Report
 is one of the most 
important publications, 
and arguably the  
most important publicat
ion, on climate 
change in the world. Bu
t understanding all of 
the content can prove to
 be a real challenge 
for non-scientists. Acco
rdingly, the Intergov-
ernmental Panel on Clim
ate Change (IPCC) 
prepared a list of the 29
 most frequently 
asked questions and cor
responding answers 
to accompany the first s
ection of its fifth 
Assessment Report. REK
LIM and its partners 
have translated this coll
ection of key facts, 
originally released in En
glish, into German, 
offering essential backg
round information  
for everyone who want
s to be able to take 
part in climate-related d
iscussions. 
Climate Change 2013
Frequently asked quest
ions and answers 
Available for download 
in German at: bit.ly/IPCC
FuA 
Heat waves and the  
metropolis on the Elbe 
In the greater Hamburg area, climate 
change isn’t just a topic for those 
flood-hardened residents who live near 
the banks of the Elbe. More than five  
million people now live in the metro-
politan area, and all of their lives will 
be affected by global warming. The 
likely scope of those changes, and what 
the city itself can do to mitigate their 
impacts, are summarised in the Second 
Hamburg Climate Report. 70 authors 
present the latest findings on climate 
change in the Hamburg metropolitan area 
– addressing topics ranging from rising 
water levels in rivers and the ocean,  
to heat stress and torrential rains in the 
city, to why it’s essential to water the 
city park and other green areas during 
extended droughts. The research pre- 
sented in this report was coordinated by 
the North German Climate Office. 
A short-film festival you   
can enjoy right at home 
Nothing good on Saturday-night 
television? Then why not enjoy your 
very own short-film festival – ideally, 
together with all your neighbours? 
The contenders: 13 short films on the 
climate, jointly produced by students 
from DEKRA University of Applied 
Sciences and REKLIM experts.  
During the NATIVe series at the latest 
Berlinale film festival, they were a real 
hit. How will your jury rank them?
All REKLIM short films are available at:  
(bit.ly/REKLIM-Filme)
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Hamburg Climate Report – 
Information on the Climate, 
Climate Change, and 
Impacts in Hamburg and 
Northern Germany
The latest research news 
Every year, in the REKLIM Report the 
initiative offers concise information 
on its research activities, showcases 
outstanding young investigators, and 
shares highlights from the area of 
knowledge transfer. Take a look inside; 
you’ll be glad that you did!
All REKLIM Reports are available for  
download at: bit.ly/REKLIM-Reports  
Available for download at: 
bit.ly/Klimabericht 
Note on the English edition: Many of the publications listed here are specifically oriented on German target groups  
and are consequently, and unfortunately, only available in German. Please accept our apologies.
Looking for more information services and products?  
Check out: www.reklim.de/en/knowledge-transfer/ 
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“Today, we’re essentially dealing with a 
new Arctic,” says Prof Klaus Dethloff, an at-
mospheric physicist at the Alfred Wegener 
Institute, Helmholtz Centre for Polar and 
Marine Research (AWI) in Potsdam. What he’s 
referring to is the fact that the face of the 
Arctic is slowly but indisputably changing: 
for example, Arctic sea ice is now much 
thinner, younger and more mobile than it was 
just 40 years ago, making it especially sensi-
tive. The ice cover is now more likely to break 
up in response to wind and waves, begins 
melting earlier in the year, and begins re- 
forming much later in the autumn or winter. 
“It goes without saying that this dwindling 
is also influenced by anthropogenic climate 
change,” says Dethloff. “But when it comes 
to the processes between the atmosphere, 
ice and ocean that produce sea-ice retreat, 
we still don’t understand them in detail – for 
example, the ice mass is actually declining 
faster than predicted by our climate models.”
 The Arctic under a  
 magnifying glass 
Klaus Dethloff and his colleague in Potsdam, 
Dr Annette Rinke, are pioneers. As far back 
as the early 1990s, they developed initial 
computer models in an attempt to better 
understand the fate of the Arctic. And today, 
they continue to look at the Arctic region 
‘under a magnifying glass’. To be more pre-
cise, they are developing regional climate 
models that can depict processes from the 
Arctic Circle to the North Pole at a resolution 
of just 10-20 kilometres. Consequently, their 
regional models are much more precise than 
global models, which don’t offer sufficient 
resolution to analyse the North Pole region 
in detail. 
Berlin is closer to the Arctic Circle than it is to Barcelona.  
 As such, it’s hardly surprising that the Arctic significantly influences  
 the climate in Central Europe. REKLIM researchers have  
 now shown how the retreating Arctic sea ice is  
 changing the weather in Germany.
A Fateful Link 
The better scientists understand the role of Arctic sea ice in the Earth’s climate system, the  
clearer it becomes: the extent and thickness of the ice have a major influence on meteorological  
processes in Central Europe – in winter and summer alike.
TEXT: TIM SCHRÖDER
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 The stratospheric 
 polar vortex (1) 
When the air over the Arctic grows 
much colder in the autumn and winter, a 
low-pressure cell is formed roughly eight to 
ten kilometres above the surface. Referred 
to as the stratospheric polar vortex, it can 
reach up to 50 kilometres high. Normally, 
its air masses are held together by a strong 
westerly wind, which acts like a force 
field, preventing warm air from the middle 
latitudes from reaching the Arctic. Yet this 
barrier can fail when planetary waves  
from the troposphere rise and penetrate 
the vortex like wedges. This produces a  
sudden warming in the stratosphere –  
with dramatic effects on the intensity  
and course of the polar front jet stream  
in the troposphere below.
 The polar front  
 jet stream (2) 
The polar front jet stream (or simply jet 
stream) refers to several bands of powerful 
wind (left) that blow between the 40th and 
60th parallels, at an altitude of eight to 
ten kilometres. The wind can reach speeds 
of up to 500 kilometres per hour and is 
powered by the temperature difference 
between the tropics and the Arctic. If the 
difference is great, the wind blows at high 
speeds straight course parallel to the  
Equator; if the difference declines, e.g.  
due to sea-ice retreat, the wind slows  
and meanders about the Northern  
Hemisphere (right).
 Collapsing vortex 
In winter 2018 / 2019 meteorologists 
bore witness as the stratospheric polar 
vortex over the Arctic collapsed in a  
matter of days. These three figures show 
the vortex strength in the low-pressure 
cell at an elevation of 30 to 35 kilome-
tres. On 24 December 2018 (left)  
the vortex was still an intact system over 
the eastern Arctic. Nine days later, on 
2 January 2019, it had already become 
elongated (middle), and was subsequent-
ly disrupted (right). This event in the 
stratosphere produced e.g. an unusual 
cold snap in North America.
How the  
polar  
vortex 
collapsed 
in winter 
2018/19 
A ’regional Arctic model’: it sounds like peer-
ing through a narrow window into an ex-
treme region that is of little interest to us 
here in Germany. But that impression is mis-
leading; in terms of the climate, the Arctic 
and Europe are closely linked. Accordingly, 
the research being pursued in Potsdam, and 
as part of the REKLIM network, is extremely 
relevant for everyone living in Europe.
“It’s now broadly accepted that the process-
es and changes at work in the north have 
a major impact on the climate in Europe,” 
says Klaus Dethloff. “It would appear that 
this was also the cause of the prolonged, 
stable and in some cases extreme weather 
conditions that we’ve seen in the past 
several years” – e.g. cold snaps in Central 
Europe, and extreme winter storms in the 
USA, are now more frequent than in the 
past. Clearly, the middle latitudes and the 
Arctic are engaged in a fateful long-distance 
relationship.
 The weather seesaw between  
 north and south 
Europe’s weather and climate are shaped 
by major air currents and the interactions 
of high-pressure and low-pressure cells. 
One motor that substantially contributes to 
weather anomalies is the jet stream, which 
is linked to the polar front. This rapid air 
current whips across the Northern Hemi-
sphere from west to east, between the 40th 
and 60th parallels. On the one hand, the 
jet stream plays a major part in Europe’s 
’weather kitchen’ by pushing high-pressure 
and low-pressure cells back and forth; on the 
other, especially in winter it can keep warm 
air masses from the south separated from 
frigid polar air from the north, like a force 
field. “But for several years now, what we’ve 
seen more and more frequently is that in 
winter, warm air from the south is penetrat-
ing deep into the Arctic,” says Annette Rinke. 
“When that happens, the temperatures at 
AWIPEV, our German-French research station 
on Spitsbergen, actually rise above zero.” 
The jet stream, it would seem, is now tak-
ing breaks from time to time, during which 
it can no longer serve as a barrier. These 
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weak phases are set off by a complex chain 
reaction in the troposphere, the lowest level 
of the atmosphere, and in the stratosphere 
above it. AWI modeller Dr Ralf Jaiser has dis-
covered that, in layman’s terms, the follow-
ing happens: in winter, the intensity and re-
silience of the jet stream in the troposphere 
depend in part on the stability of a second 
major vortex. At the end of the summer, 
this polar vortex forms directly above the 
Arctic, albeit one level higher, in the strato-
sphere. When the vortex spins at full power, 
the jet stream below it often also reaches 
top speed. But if the vortex dissipates, the 
jet stream basically runs out of steam. But 
what could jeopardise the polar vortex?
One potential threat stems from planetary 
waves: large-scale wavelike movements in 
the troposphere that move about the globe 
with the westerly winds. When these air 
currents encounter an obstacle, e.g. a moun-
tain range, they shift upward, pushing the 
air masses above the obstacle upward. As 
a result, the effect of the rising wave can 
reach the stratosphere, where it can weaken 
or even disrupt the polar vortex. When this 
happens, the jet stream below it falters and 
begins wandering about the Northern Hemi-
sphere. While the jet stream meanders, in 
some places warm air masses can make their 
way to the Arctic, while elsewhere cold polar 
air pushes far to the south.
 Using details from the Arctic  
 to better grasp the world  
 as a whole 
For many years, researchers were at a loss to 
explain these complex changes. But thanks 
to experiments involving several intercon-
nected models, they’re now beginning to 
decipher the causal relations. For example, 
Annette Rinke and her colleagues have used 
a regional Arctic model to demonstrate the 
importance of changes in the Barents Sea 
and Kara Sea to the north of Norway and 
Siberia. Because the waters are now warmer 
there, they freeze over more slowly in the 
late autumn. As a result, the ocean can re-
lease more heat and moisture in October 
and November than in the past, creating a 
dome of warmth over the region. In turn, Ralf 
Jaiser and his colleagues integrated these 
changes in a global climate model, which 
they used to simulate the large-scale con-
sequences. Their findings indicate that the 
dome of warm air over the ocean, together 
with the additional moisture, is producing 
more snowfall in Siberia. In turn, warmth and 
snow tend to reinforce the high-pressure 
cells between Scandinavia and Siberia. As a 
result, the jet stream deviates to the south, 
or in some cases to the north. In addition, the 
high-pressure cells are obstacles for plane-
tary waves. Like in a half-pipe, the air pack-
ets from the west shoot upwards, retaining 
sufficient momentum to disrupt the polar 
vortex in the stratosphere – and pull the plug 
on the jet stream one level below it. 
The effects of this chain reaction can be felt 
throughout the Northern Hemisphere: be-
tween Greenland and Scandinavia, warm air 
pushes into the Arctic, while people living in 
Europe and Asia face weeks of frigid tem-
peratures. In addition, the westerly winds 
over the Atlantic, which are so important for 
Europe, grow weaker, and the weather condi-
tions in Europe stagnate. 
“As this example shows, our regional and 
global climate models can help us under-
stand the feedback processes between the 
atmosphere and the sea ice / ocean system, 
to identify connections between the Arctic 
January 
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in North  
America 
 Polar air over  
 the Midwest 
This graphic shows how, on 29 January 
2019, polar air masses from the Arctic 
penetrated deep into the American 
Midwest, causing temperatures in the 
regions affected to plummet to minus  
30 degrees Celsius or lower. The strato-
spheric polar vortex over the Arctic had 
collapsed roughly three weeks earlier.  
In response, the jet stream began falter-
ing, sweeping over North America on  
a winding course – and this gap in the 
wind barrier allowed air masses from  
the Arctic to flow southwards.
 An unparalleled opportunity 
Researchers participating in the Arctic expedition MOSAiC – during which, from September 2019, the German research icebreaker RV Polarstern 
will spend an entire year drifting through the Arctic Ocean with the sea ice – hope to gain deeper insights into the interplay between the sea ice 
and atmosphere. More information on: www.mosaic-expedition.org. While on board, they will gather a wealth of new ice and atmospheric data, 
which will hopefully enable climate models to more accurately predict the future development of the Arctic climate. This is essential, because 
only more accurate prognoses will allow the polar researchers to determine how, and to what extent, 
changes in the Arctic will produce weather extremes in Europe.
LOOKING AHEAD
We’re currently working on a high-resolution Earth system  
model that takes into account not only the atmosphere, ice and 
ocean, but also chemical processes, vegetation and permafrost 
dynamics. In this way, we hope to be able to make more definitive 
statements on the variability of, and changes in, the Arctic’s climate.
ANNETTE RINKE
Climate modeller, Alfred Wegener Institute,  
Helmholtz Centre for Polar and Marine Research (AWI)
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region and Central Europe and, in the long 
term, to refine weather forecasts,” says 
Annette Rinke. 
 Using real-world data to  
 refine climate models 
That being said, the results of the Pots-
dam-based researchers’ models don’t yet 
correspond 100% to the reality, which is 
why it’s important to supply them with real- 
world observational data, helping them 
come as close as possible. Unfortunately, 
data is only available from comparatively few 
sites in the Arctic. For example, in the late 
1990s the experts in Potsdam collaborat-
ed with a team of Russian researchers who 
drifted through the Arctic on a large ice floe 
every winter, so as to take on-site readings 
on the atmosphere, ice and ocean. This 
data, too, was added to the regional Arctic 
model. “The more field data we have, the 
better we can describe the physical pro- 
cesses at work in the Arctic – and make 
our models more accurate, bit by bit,” says 
Annette Rinke. 
In order to perfect their models, the AWI 
researchers also plan to integrate data that 
will be gathered in the course of the larg-
est international expedition to the Central 
Arctic to date – the MOSAiC project. In Sep- 
tember 2019, the German research 
icebreaker RV Polarstern will allow itself to 
become trapped in the ice of the East Siber- 
ian Sea, and subsequently drift through 
the Arctic Ocean for an entire year. During 
that time, several hundred experts from 
17 countries will take measurements of 
the ocean, ice and atmosphere, using the 
opportunity to gather unprecedented data. 
“We hope this will help us more accurate-
ly simulate processes at work between the 
ocean and atmosphere in the Arctic; and to 
clarify when and why it is home to more ice, 
or less ice,” says Annette Rinke. “Because 
this will have a decisive influence on how the 
climate and weather in Europe develop over 
the decades to come.” 
IN
 B
R
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F • Due to the loss of Arctic sea ice, the ocean is releasing more heat and moisture  
into the atmosphere. As a result, the air currents between the Arctic and the  
middle latitudes are changing – and so is the climate in Europe. 
• To better predict future changes in the Arctic, regional climate models have been  
developed. They can depict processes and interactions between the ocean, ice  
and atmosphere in greater detail than global climate models. 
• The sea-ice retreat can produce wide-scale temperature and atmospheric-pressure  
changes. In Europe, but also in Asia and North America, winter cold snaps can  
become more frequent, while temperatures can rise in the Arctic. 
BARBARA FRÜH
For more than ten years, 
Barbara Früh has headed 
the ’Climate Forecasts and 
Climate Projections’ division 
at the German Meteorologi-
cal Service (DWD). You can 
access the DWD’s seasonal 
forecast portal at dwd.de/
jahreszeitenvorhersage.
 Regional models like the AWI’s Arctic model can help  
 us improve global climate projections. These optimisations  
 can in turn benefit institutes like the German Meteorological  
 Service (DWD), which has offered a seasonal forecast  
 (available on a web portal) as an operational climate service  
 since 2016. In the following, DWD meteorologist  
 Dr Barbara Früh tells us what it’s all about. 
  Researchers at the Alfred Wegener 
Institute are working to determine  
how climate changes in the Arctic are 
connected to the weather and climate 
in Central Europe. To do so, they employ 
regional climate models, which can  
depict the Arctic at higher resolutions 
than global models. How can these more  
detailed models help you in your work? 
Barbara Früh: A more precise spatial reso-
lution can help us understand the physical 
processes at work in the Arctic, and ice 
dynamics in detail. And the insights we gain 
into these mechanisms can in turn be used 
to refine global climate models. Unfortu-
nately, there are certain physical processes 
that global climate models don’t reflect in 
detail for the Arctic. But by taking a closer 
look at these natural processes,  
we can gain a better grasp of them, and 
enrich the global models with improved 
statistical descriptions of them; we refer  
to this as parameterisation.
  And how does the DWD profit from 
this fundamental improvement to global 
climate models? After all, they have to  
make forecasts for a comparatively small  
region, namely Germany or Central Europe. 
Having access to improved global models 
naturally also means that we can better 
judge the situation in our home region. 
Since 2016 the DWD, working together with 
Universität Hamburg and the Max Planck  
Institute for Meteorology, has been prepar-
ing seasonal forecasts that are available  
on a web portal. Open to the public, it offers 
projections of how the weather will most 
likely develop over the next few months. 
Moreover, users are explicitly encouraged 
to use the ‘feedback’ button and rate the 
portal’s performance. The computational 
climate model behind the seasonal forecasts 
produces a number of realistic prognoses, 
which, taken together, allow conclusions to 
be drawn on how likely it is that the next 
three months will be drier or wetter, warmer 
or cooler than the long-term average 
values. The seasonal forecasts represent an 
on-going, operative service provided by the 
DWD, in the course of which we continually 
improve the specially tailored climate model. 
In short: the better the underlying global 
model is, the more accurate future seasonal 
forecasts will be.  
  So does that mean you don’t direct-
ly use your findings from the Arctic?
That’s right. Although we know that the 
Arctic and Europe are linked by what are 
known as teleconnections, we need the 
global model in order to take into account 
all of the influencing factors that shape the 
weather in Central Europe – like changes in 
high-pressure and low-pressure cells over 
the Atlantic. Nevertheless, what we learn 
from models like the regional Arctic model 
is extremely important in terms of under-
standing the climate context as a whole.
  In other words, you could say that 
the Arctic is implicitly reflected in your 
seasonal forecast model. What exactly 
does the model do? 
In order to make prognoses on a seasonal 
trend, the interplay of various components 
in the climate system is taken into account: 
the current state of the stratosphere, the 
‘second storey’ of the atmosphere, and  
the state of the soil, the ocean and even 
the sea ice have a much greater influence 
on weather development than they do in 
a weather forecast. Accordingly, the latest 
readings on all of these aspects are fed 
into the climate model, making the start-
ing point for the prognosis as accurate as 
possible. Then the model calculates a set, 
or what we call an ensemble, of possible 
seasonal developments. In other words, the 
model is used to generate several possible 
forecasts, all of which take into account 
uncertainties in the Earth observation data, 
and in the climate model.  
I N  P R A C T I C E
The latest findings from the Arctic confirm the core message of the Fridays for Future  
demonstrations. Climate change poses a threat to the future of all humankind.  
The only solution: immediately reducing global carbon dioxide emissions.
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´  Science has always been and 
remains an important motor for the 
advancement of civilisation, but has 
also often paved the way to finding 
solutions to essential questions and 
challenges facing society. In the  
21st century, to a considerable extent 
those questions concern the climate 
change that we human beings have 
caused. At REKLIM we produce sound 
findings that can serve as the basis for  
informed decisionmaking processes. 
Finding answers; working to under-
stand climate change, its origins,  
and its consequences all around us; 
and developing new approaches  
and options for tackling it – that is 
what has driven our research network 
for the past decade. Together with 
our highly motivated colleagues  
from nine Helmholtz Centres, our  
goal is to thematically expand  
the network’s scope, so as to ensure  
its successful development.  
For us, research means: taking  
responsibility for the future. 
´  REKLIM’s goal is to inves-
tigate and quantify the regional 
effects of climate change as a  
response to global warming. Why  
regional? Because the global change 
is too abstract. We human beings 
only perceive climate change’s 
regional impacts, which directly 
influence our own lives: no matter 
whether it’s the farmer directly 
affected by the increasing dryness, 
or someone living near the coast, 
who has to cope with the rising 
sea level. However, our focus isn’t 
just on finite geographical areas, 
but also on producing concretely 
applicable findings. By doing so, we 
hope to help improve the accuracy 
of prognoses for future climate 
developments, which in turn lead 
to improved climate protection and 
effective adaptation measures. 
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DR KLAUS GROSFELD  
For the past ten years Dr Klaus 
Grosfeld, a geophysicist at the Alfred 
Wegener Institute (AWI), has been 
shaping and coordinating the research 
efforts of the REKLIM initiative as its 
Managing Director, working in close 
collaboration with the Scientific  
Coordinators Prof Peter Lemke  
(AWI, 2009-2018) and Prof Peter 
Braesicke (KIT, since 2018). 
      
It’s worth getting involved!
Given record high temperatures and extreme weather  
events, today climate research is more important than ever.  
Accordingly, REKLIM Managing Director Klaus Grosfeld  
feels that the scientific community bears a special  
responsibility, and is confident the network is well  
suited to living up to that responsibility.
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´  In the course of the past  
ten years, climate research has 
evolved into a ‘system science’,  
encompassing the climate and  
Earth system as a whole. It now 
represents a highly interdisciplinary 
and extremely problemoriented 
science. In this regard, REKLIM has 
set new standards from the outset. 
The participating Helmholtz Centres 
contribute their unique expertise 
in various branches of climate 
research, e.g. atmospheric, polar or 
soil research. Here REKLIM offers 
an essential ‘melting pot’ for their 
respective competencies, helping  
to understand the interplay  
´  The German federal govern-
ment’s goal of reducing emissions by 
80 to 95 percent by 2050 can only 
be achieved through a fundamental 
transformation of society: a task that 
poses tremendous economic, political  
and societal challenges, as the parties 
involved often pursues their own  
(and in some cases, diametrically op-
between individual climate compo-
nents, and to identify and assess 
the nature of climate trends. How-
ever, new types of collaboration are 
also called for, e.g. with the social,  
business and political sciences. 
REKLIM makes this possible, tran-
scending the borders of individual 
disciplines and fields of research.
posed) interests. Given this state  
of affairs, climate research must  
provide not only a scientific basis  
and framework conditions, but also 
new perspectives and potentials.  
We have to deliver sound arguments, 
and especially have to support the 
youngest generation: it‘s worth get-
ting involved – and supporting  
the urgently needed societal  
transformation. Here the network is 
using a broad range of projects and 
formats to disseminate the requisite 
information to society. As such, the 
goal now is for REKLIM to intensively  
engage in dialogues with citizens, in 
political consulting, and in pursuing  
a lasting change in our society.
´  In order to do something 
about climate change and its  
repercussions, the most important 
actors from the political, business, 
social and research communities 
have to pursue a dialogue. In this  
regard the climate initiative is suc-
cessfully engaged in a broad range  
of activities and formats, and will  
continue to be in the future. These 
efforts have fostered an intensive 
dialogue between the scientific  
community and society, one that 
places research at the heart  
of society and helps translate  
findings into action. Here REKLIM is  
exploring innovative avenues, from  
film projects to information portals. 
Our main target audience: decision-
makers at national or international 
public institutes tasked with  
implementing environmental and 
climate-related policy, as well as 
members of the general public with 
an interest in environmental 
questions.
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A B B R E V I A T I O N S  U S E D
p. 12: TERENO stands for ‘Terrestrial Environmental Observatories’. You can find more information on  
the network online at tereno.net.
p. 19: SUSALPS stands for ‘Sustainable Use of Alpine and Pre-alpine Grassland Soils in a Changing Climate’.  
The project brings together experts from the research community, administrative and business sectors.  
For more information on the network, please visit: susalps.de. 
p. 56: EURAD-IM stands for ‘European Air Pollution Dispersion – Inversive Model’. For more information  
on how the model is currently being used, please visit e.g. eurad.uni-koeln.de.
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